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1.1. 
Introduction 
Pulp disease and its sequelae cause a great deal of pain which is often very severe. 
Extraction of such teeth is easily carried out but leaves an unesthetic gap. These 
problems can often be avoided by endodontic treatment. 
Recent advances in endodontics have greatly improved the chance of success. The 
method is not too difficult or too time consuming. 
The general aims of treatment are to combat infection and to relieve pain. The local 
aims are to remove the diseased tissue, to clean the pulp canal of aerobic and 
anaerobic microorganisms, and to seal it so that the periapical tissues may heal 
without being subjected to damage from any agents which might approach from the 
pulp canal. 
Invasion of the dental pulp by a variety of microorganisms from a carious lesion 
usually results, if not treated, in necrosis of pulp tissue and eventual loss of tooth 
vitality. The necrotic pulp appears to be a reservoir of antigens such as bacteria and 
bacterial toxins. Once the pulp is destroyed, the inflammatory defense response is 
concentrated in the periapical tissue. Consequently, periapical lesions, such as 
alveolar abscesses, periapical granulomatous tissue, and apical cysts are generally an 
extension of pulp disease. 
The elimination of microorganisms from the root canal has always played an 
important role in endodontic treatment. 
Disinfection of the root canal is accomplished by thorough biomechanical prepara-
tion and by the use of intracanal drugs. Two of the requirements of an ideal root canal 
drug are to be an effective antibacterial agent and to be noninjurious to the 
periodontal tissues. It was in the last decades of the 19th century that the two 
important disinfectants were introduced in endodontics, namely chlorophenol and 
formaldehyde. 
Chlorophenol was introduced by WALKHOFF in the field of endodontics in 1883, asa 
Disinfectant and Analgesic of pulp and periapical tissues. He describes: 
'Das Chlorophenol ist mir bei der Vorbehandlung von erkrankten Pulpen unember-
lich geworden. Vor edlen Dingen ist bei akuten Entzündungen der heftige Schmerz zu 
lindern. Das geschieht durch Einlagen von Chlorophenol auf die freiliegende Pulpa.' 
Chlorophenol is at present used in various combinations such as ChKM (dissolved 
crystals of chlorophenol, camphor and menthol) and camphorated parachlorophenol 
(dissolved crystals of chlorophenol and camphor). 
Formocresol (equal parts of formalin and cresol) was introduced in 1904 by BUCKLEY. 
The effect of this solution depends upon the liberation of formaldehyde. Buckley used 
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formaldehyde not only for killing the microorganisms in the infected root but also to 
convert the irritating gases and poisonous ptomaines into non-irritating and non-
poisonous liquids and solids. However, he warned his readers that "formaldehyde is 
an irritating agent and in no case should this remedy be forced through the apices of 
the roots". 
The treatments popularized by BUCKLEY (1904) have had a monopolv not only in 
Europe, but also in the United States ever since. In Europe especially in The 
Netherlands, formocresol (formaldehyde in solution) and Euparal or Toxavit 
(paraformaldehyde in pastes) are being used. Paraformaldehyde nowadays is not only 
used as an intracanal drug between treatments but also in filling material RC2B or N2-
paste (SARGENTI, 1973). 
Although the above mentioned disinfectants have already been used in clinical 
endodontics for many vears, sound scientific knowledge of the effects of these drugs in 
the clinical situation is controversial. In our own country EGGIN'K (1964) lound that 
the use of formocresol in infected rootcanals before mechanical preparation reduced 
the number of positive cultures by 81 per cent. 
THE and SIMON' (1978) found that after gross reaming of the root canal with a Gates-
Glidden drill up to the middle third of the root canal, a reduced n u m b e r of positive 
cultures was found in only 59 per cent of cases, following application of 0.005 ml of a 
25 per cent formalin solution during one week. 
During the initial phase of endodontic treatment in most practices in the Netherlands, 
a disinfecting agent (Toxavit or Formocresol) is usually introduced into the pulp 
chamber. This procedure was also taught to dental students in our department. In 
order to evaluate this procedure, we decided to carry out a clinical survey on the 
bactericidal action of this intracanal drug prior to instrumentation. 
The results of this study will be presented and discussed in chapter 1.2. 
Meanwhile attention was drawn back to the chlorophenolderivates. In 1970, 
H A R R I S O N and M A D O N I A questioned whether a 35 per cent concentration of 
parachlorophenol is the op t imum antimicrobial concentration. For every dis-
infectant there is a maximum concentration beyond which a proport ionate increase in 
antimicrobial effectiveness is not evident. An aqueous vehicle was chosen because it 
presented the best opportunity to test parachlorophenol without superimposing 
other toxic or antimicrobial qualities. The results of all tests with aqueous parachloro-
phenol solutions could, therefore, be interpreted as a manifestaiion of the direct 
contact with the solution. The results of their study indicated that parachlorophenol is 
an extremely powerful antimicrobial agent and is effective in very low concentrations. 
The primary advantage of lowering the concentration of parachlorophenol is the 
reduction of its irritating potential. 
AVNY et al. (1973) and later TAYLOR and associates (1976) found that parachloro-
phenol vapour even from low aqueous concentrations showed much deeper 
penetration of root canal dentine than from a mixed solution with camphor. 
KAWAHARA et al. (1975) quantitatively evaluated the efficacy of reduced concentra-
tions of parachlorophenol for decreasing the number of microorganisms within the 
root canals of extracted teeth. A quantity of 10 /zl, of a 2 per cent aqueous solution, 
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positioned in the coronal part of an extracted tooth, reduced large numers ot bacteria 
to zero. 
WINKLER and VAN A M E R O N G E N (1959) and E N G S F R O M (1964) found that Strepto­
coccus faecaks was the most difficult microorganism to eliminate clinically from the root 
canal. In г» vitro studies HARRISON and MADONIA(1970) and KAWAHARA et al (1975) 
also found that Streptococcus faecahs was the most resistant to parachlorophenol in 
comparison with other selected microorganisms. 
Ir ian attempt to simulate them WHO situation of the bactericidal effectiveness of a drug 
not in direct contact with the microorganisms, we decided to use a glass tube (Maxted 
tube). We took 80 per cent ethanol as a vehicle for parachlorophenol because the 
m a x i m u m solubility of parachlorophenol in aqueous solution is only three per cent. 
As a positive control 25 per cent formalin in 80 per cent ethanol, a good disinfecting 
agent, was used. Since glutaraldehyde is advocated as an endodontic fixative with 
better qualities than formaldehyde, it is included in this study ('S-GRAVENMADE, 
1975; DANKERT, 1976). 
BLOCK et al. (1977) and MAKKES et al. (1978) warned that fixation of pulp tissue will 
most probably make the disinfected contents of the pulp cavity noxious to the 
periodontal tissues. 
Besides the bactericidal effect tested on Streptococcus faecahs, we also wanted to know the 
fungicidal effect of various concentrations of parachlorophenol tested on Candida 
albicans. T h e results of low concentrations of parachlorophenol acting at a long­
distance, investigated?« vitro on Streptococcus faecahs and Candida albicans, are described 
in chapter 1.3. 
Apart from the antimicrobial properties, the cytotoxicity of drugs to be used in 
endodontic treatment is of importance. 
VAN DER WALL and others (1972) and SPANGBERGfii al. ( 1973) observed cytotoxicity in 
cultures of mammal ian cell specimens treated with parachlorophenol. In order to 
have a test model for screening intracanal drugs in vitro for cytotoxicity, we again used 
the Maxted tube. Tissue culture cells are undoubtedly more sensitive to the toxic 
effects of a drug which is in direct contact. Therefore, instead of bringing the cells into 
direct contact with the drug, we made use of the long-distance effect of the drug, thus 
simulating t h e m vivo situation of the drug placed in the pulp chamber, rather than in 
the root canal. T h e results of the tests with parachlorophenol and formalin are 
described in chapter 1.4. 
Knowing that tissue culture cells are undoubtedly more sensitive to the toxic effects of 
a drug than the periapical tissues, we wanted to investigate the effects of the drug on 
living tissues, however not in direct contact with these tissues. 
It is shown in the literature that the various investigations on the irritating potential of 
root canal drugs differ a great deal with respect to the methods used (e.g. in humans, in 
animals, etc.). 
T h e forearm test, on h u m a n skin, performed by applying a cotton pellet saturated 
with a test solution, was introduced by PECK in 1898. In subsequent investigations by 
G R O S S M A N (1944) and modified by B U C H B I N D E R (1947) a scratch wound was 
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produced mechanically on the skin prior to the application of the test drug. 
RUBBO and associates (1958) studied the reaction of tissues to root canal drugs in 
rabbits. Thev injected 0.1 ml of the test solution subcutaneously into the rabbits ear. 
Rabbits were also used as experimental subjects by SCHILDER and AMSTERDAM 
(1959) and HARRISON and MADONIA (1971) but they injected 0.1 ml intradermally 
into the abdomen instead ol subcutaneously into the ear. 
The rabbit eye was the site in the second phase of the investigation by SCHILDER and 
AMSTERDAM (1959) and HARRISON and MADOMA (1971). Of each drug 0.15 ml was 
dropped into the conjunctival sac. 
A more fundamental approach was started by STRAFFON and HAN (1968) and LOOS 
and HAN (1971). They investigated the effect offormocresol on connective tissue and 
bone tissue. 
THODEN VAN VELZEN (1975) investigated the tissue reaction in living organisms after 
implanting dead tissue fixed with formaldehyde or glutaraldehyde. 
SIMON and coworkers (1979) used teeth in monkeys as experimental in vivo model. 
Because the studies on irritation have shown that most, if not all, endodontic 
intracanal drugs are capable of irritating periapical tissues, limitation of the influence 
of the drugs to the confines of the pulp chamber is recommended. TORNECK (1961) 
stated that tissue reaction to the root canal drugs is influenced by the manner in which 
the drug is placed and sealed in the root canal, the concentration of the drug 
employed, and the amount of the drug used. Logically it follows that the length of time 
that it is exposed to the tissues, similarly influences the degree of irritation. TORNECK 
(1961) attempted to simulate conditions, as encountered in the clinical use of the drug, 
by using a punctured polyethylene tube, closed at both ends containing the drug to be 
tested. However, a punctured polyethylene tube, with an internal diameter of 1.1 mm 
and an external diameter of 1.5 mm, means in clinical terms a direct contact of the 
drug with the periapical tissues. We therefore used a polyethylene tube 20 mm long, 
with an internal diameter of 1 mm, sterilized with ethylene-oxide gas. The cotton 
pellets at one end were dampened with 0.005 ml of the test solution before 
implantation of the tubes under the skin of the backs of guinea pigs. The tubes were 
closed with sterile bone wax at the end of the cotton pellet. Care was taken to leave a 
space of 10 mm between the cotton pellets and the open end of the tube. 
The aim of this study was to test the 'long-distance' irritating potential of the drugs, 
since in clinical use the drug is placed on a cotton pellet that is limited to the pulpal 
chamber, in order to reduce the toxic effect of the drugs on periapical tissues. 
The study described in chapter 1.5. has several aims: 
1. to test the use of 20 mm long polyethylene tube, with an empty space of 10 mm, 
simulating the empty root canal of a human tooth; 
2. to test lower concentrations with small amounts (0.005 ml) of intracanal drugs as 
compared to the regular concentrations; 
3. to test the model using the guinea pig as experimented animal. 
The tube diameter of 1.0 mm was chosen to permit the preparation of better 
longitudinal histological sections. 
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Finally in chapter 1 6 an additional experiment is reported, which only differs from 
the previous one in as far as the concentration of the drug was higher and the direction 
of the open end of the polyethylene tube was different The effect of the drug was also 
tested in direct contact In this experiment, either direct or long-distance, the open 
end is placed away from the plunger, bringing the drug to be tested immediately in 
relation to the healthv tissue In addition the methods for statistical analysis of the data 
were improved 
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1.2 
Effectiveness of a Disinfecting Agent 
used in the Initial Phase of Endodontic Treatment 
ABSTRACT 
A disinfecting agent is usually introduced into the pulp chamber, regardless of the 
condition of the pulp, during the initial phase of endodontic treatment in most private 
practices in the Netherlands and other countries in Europe. Results of an investigation 
of the effectiveness of this treatment showed that there was no significant effect of the 
disinfecting agent on the incidence of positive cultures taken from the closed necrotic 
pulp, whereas a small but significant reduction of about 20 per cent in positive 
cultures was found for the vital pulps. 
INTRODUCTION 
In the Netherlands and in other European countries, it is almost standard practice to 
apply a disinfecting agent to the pulp chamber at the first visit for endodontic 
treatment, regardless of the condition of the pulp. The aim of this procedure is 
disinfection ' and detoxification -' of infected vital or necrotic pulp tissue. The effect of 
this treatment has never been evaluated. The aim of this investigation, therefore, was 
to test the assumption of the bactericidal eflectiveness of a disinfecting agent used in 
the initial phase of endodontic treatment on infected vital or necrotic pulp tissue. 
MATERIALS AND METHODS 
A total of 187 teeth from patients who visited the dental school for endodontic 
treatment was used in the study. The pulp chambers of 113 teeth had already been 
opened in the Indication Policlinic of the Dental School and a disinfecting agent had 
been applied. The other 74 teeth were used for control purposes, and they had not 
received a previous disinfecting treatment. 
A formaldehyde préparation·1' was used as disinfecting agent. Each group was 
subdivided according to the condition of the pulp, either vital or closed necrotic. 
S.D THf, DDS, and A ].M PIASSGHAHU, DDS, PhD, Ni]mcgcn, Ncthcrlandi -Copyright by the American 
Dental Absociation Reprinted bv permisión from J Endodont 4 207-209,1978 
a) Toxavit, Lege Arns, Pharma Denen Hausen, or Formocresol, Keur en Sneltjes, Dental Mfg Co , 
Haarlem, Holland 
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When Toxavit was used, the condition of the pulp was considered vital. Fractured 
teeth were not included. 
Bacteriological cultures were used to study the effect of a disinfecting agent on vital or 
necrotic pulp tissue. 
Under the supervision of senior members of our endodontic department, all teeth 
were opened by students as follows: a rubber dam was applied and the operative field 
was swabbed with 0.5 per cent chlorhexidinebl in 80 per cent ethanol as a disinfecting 
solution. All instruments were sterilized in a glass bead sterilizer^1. 
The 'initial' cultures of pretreated teeth that had received a disinfecting agent and the 
'initial' cultures in teeth not having received a disinfecting agent were made after the 
intracoronal cavity preparation had been performed using a round bur for cavity 
design, a Batt bur for taking out the pulp roof, and a Gates-Glidden drill for removing 
as much pulp tissue as possible from the coronal and middle third of the root canals. 
Thereafter, a sterilized Hedstrom file, no.25, was used to take same necrotic pulp 
tissue or dentin, or both, from the apical part of the root canal. 
The small amount of material at the end of the file was transferred to a 5-ml culture 
tube that contained brain-heart infusion broth"1,0.1 per cent glucose, and 0.5 percent 
agar. All cultures were taken by staff members. Tubes were incubated at 360C for a 
week. Turbidity indicated a positive culture. The data were subjected to Χ-'-analysis for 
2 x 2 contingency tables. 
RESULTS 
The frequency distribution of positive and negative cultures from teeth that received 
or did not receive a disinfecting agent is given in the Table. 
TABLE: Number and percentages of positive (+) and negative (-) bacteriologie cultures shown for 
both vital and clos ed-necrotic pulps that received or dit not receive an application of a disinfecting 
agent. 
Condition 
Vital 
Closed 
necrotic 
Total 
of pulp Culture 
+ 
+ 
-
+ 
Disinfecting agent 
Number 
12 
44 
22 
35 
34 
79 
% 
21 
39 
30 
No disinfecting 
Number 
12 
17 
16 
29 
28 
46 
agent 
% 
41 
36 
38 
Of 56 vital teeth with a disinfecting agent, 2196 had positive cultures, whereas from 
teeth without a disinfecting agent 41 per cent had positive cultures (X' = 4.16; df = 1 ; 
b) Hibuane, ICI Rotterdam, Netherlands 
c) Sanap, Sanap Handels Cesellsch , Hamburg, West Germanv. 
d) Difco Laboratories, Detroit. 
18 
Ρ < .05). T h e corresponding perceniages for die teeih with necrotic pulp were 39 per 
cent and 36 percent , respectively ( X ' = 0.17; d f = I; Ρ > .5). Regardless of the initial 
condition of the pulp, 30 per cent of the cultures were positive for teeth receiving a 
disinfecting agent, whereas in teeth not receiving a disinfecting agent 38 per cent of the 
cultures were positive (X- = 0.90; df = 1, Ρ > .2). 
DISCUSSION 
It is difficult to compare the results of the cultures with those obtained in studies by 
other investigators because of the differences in procedures; the difference in origin of 
the material, whether from the pulp chamber or the most apical part of the root canal; 
the use of wetted sterilized paper points or Hedstrom files; and the culture media that 
was used. In addition to those differences, the results of the cultures depend on many 
other factors, such as the vital or nonvital condition of the tissue, integrity of the tooth 
(intact or Class II and III cavitv), and open or closed necrotic pulp. 
BROWN and RUDOLPH \ and MACDONALD and o t h e r s 1 obtained growth in m o r e 
than 80 per cent of their samples from intact, unexposed teeth. Other investigators 
such as ENGSTROM and FROSTELL \ CHIRNSIDE \ VAN AMERONGEN and others 7, 
and EGGINK 8 showed growth in less than 58 per cent of their cases from closed 
necrotic pulps. In our material, we found bacterial growth in 39 per cent and 36 per 
cent of the samples from intact closed necrotic pulps from teeth that either received or 
did not receive a disinfecting agent. 
It should be mentioned that no detailed information was available on the exact type of 
disinfecting agent used in all cases of vital and nonvital teeth. Therefore, our findings 
have to be considered preliminary because the pretreatment before taking the 
cultures was not standardized. T h e results of this investigation suggest that chemo-
mechanical preparation of the root canal up to about the apical foramen is needed for 
a disinfecting agent to be effective. However, the question remains as to whether the 
use of a disinfecting agent is of anv value for bactericidal purposes. 
It may be that, although the crown of a tooth is intact, a possible t rauma in the past was 
the cause of necrosis. Furthermore, necrotic pulp tissue is a good substrate for 
microorganisms. T h e low percentage of positive cultures in comparison with cultures 
taken by other investigators is perhaps because the samples were taken from the apical 
third of the root canal, where a chcmotactic effect on polymorphonuclear leukocytes 
can be expected. 
EGGINK * found in his investigation that the use of formocresol in infected root canals 
before mechanical preparation reduced the n u m b e r of positive cultures by 81 per 
cent, whereas the use of chlorophenol camphor menthol gave a reduction of 55 per 
cent. PEARSON and GOLDMAN <) tested the effect of premedication with camphorated 
monochlorophenol in nonvital asymptomatic pulps. They found a nonsignificant 
reduction in positive cultures and concluded that the drug was of some assistance in 
only 14 per cent of the cases. However, when a medicament (0.005 ml of 25 per cent 
formalin in 80 per cent ethanol) was used after gross reaming of the root canal with a 
Gates-Glidden drill u p to the middle third of the root canal, THE and SIMON l 0 found 
a reduced n u m b e r of positive cultures in 59 per cent of the cases. 
There is need for m o r e research to clarify the results of our investigation which 
showed that after premedication no reduction was found in the n u m b e r of positive 
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cultures from closed necrotic pulps, whereas a 20 per cent reduction was found in 
positive cultures from vital teeth. Premedication seems to have some effect only when 
used in vital pulps. 
SUMMARY 
The purpose of this studvwas to determine the effectiveness of the disinfection of the 
pulp with formaldehyde-containing therapeutics before reaming the root canals, 
which is a standard procedure commonlv used in the Netherlands and other 
European countries for 'sterilizing' the necrotic pulp tissue. 
A total of 187 teeth was divided into a group (74 teeth) in which no disinfecting agent 
was used, and into a group (113 teeth) in which formaldehyde was used as a 
disinfecting agent. In both groups, vital and closed necrotic pulps were present. 
No significant effect of the disinfecting agent on the incidence of positive cultures 
taken from the closed necrotic pulps was found, whereas a small but significant 
reduction of about 20 per cent in positive cultures was found for the vital pulps. 
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1.3 
Long-distance bactericidal and fungicidal 
Effectiveness of Parachlorophenol and Formalin 
on Streptococcus faecalis and Candida albicans 
ABSTRACT 
The 'long-distance' bactericidal and fungicidal effectiveness of several concentrations 
of parachlorophenol, 25 per cent formalin, and 2 percent glutaraldehyde, all in 80 per 
cent alcohol solution, has been tested in vitro on Streplocotcus faecalis and Candida 
albicans. A concentration of at least 10 per cent parachlorophenol in 80 per cent 
alcoholic solution has the same long-distance bactericidal and fungicidal effectiveness 
as 25 per cent formalin in 80 per cent alcoholic solution. 
INTRODUCTION 
In recent years, the use of polyantibiotic paste has become less favored as an intracanal 
drug because of the possibility of an allergic reaction. Currently, it is not available 
commercially because of the US Food and Drug Administration's ban on antibiotic 
preparations for use in root canals.' As an intracanal drug, its effectiveness is totally 
dependent on direct contact between the drug and the microorganisms. 
Some disinfectants are preferable to such paste preparations. Thev are easy to apply, 
nonspecific and, in small amounts, have both a bactericidal and fungicidal effect. 
Most important, however, they also possess a 'long-distance' effect. Unlike agents that 
require direct contact, they act by vapor and can penetrate the dented tubules and the 
ramifications in the apical parts of the root canal.2 The purpose of this study was to 
determine the long-distance bactericidal and fungicidal effectiveness of some dis­
infectants that are commonly used for endodontic medication. 
Results from a study dealing with the toxic properties of these drugs toward cell 
cultures and their irritation nf viable tissue will be reported later. 
METHODS AND MATERIALS 
The drugs were tested for their long-distance antibacterial effectiveness against two 
organisms, Streptococcus faecalis and Candida albicans, that were previously isolated from 
the root canals of patients receiving root canal therapy. A Maxtcdal tube was used to 
SD Тн[, Νΐ|ΐτΐ('(ζί·η, Netherlands - Copvright bv the American DeiiMl Association Reprinted bv 
permission from J Endodont 1: 300-302, 197 5. 
a) Mdxted Buis]es |SCM:, Koppen, Emdhovensewcg 14. Best N Brabant. Netherlands. 
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evaluate the effect of the drug (Illustration). This 
glass tube, normally used for serological investi­
gations, is 50 mm long and has a small opening 
(0.5 mm) at one end and a large opening (2 mm) 
at the other end. A four-hour culture of Strepto­
coccus faecalis or an 18-hour culture of Candida 
albicans was introduced into the capillary part of 
the tube that holds 0.03 ml fluid. A microsyringe 
was used to insert 0.005 ml medicament into a 
cotton pellet situated in the wider pan of the 
tube at a distance approximately 10 mm from 
the culture. The wider opening was then pressed 
into a wax plate and the lubes were incubated at 
36°C for 24 and 72 hours in an upright position 
(Illustration). 
Sterile paper points were then inserted into the 
capillary part and then transferred to standard 
bacteriological culture tubes containing brain-
heart infusion1"' with 0.1 per cent glucose and 
0.05 per cent agar added. These tubes were 
incubated for one week. If turbidity indicated 
they were positive, they were streaked on blood 
agar plates and incubated for an additional 48 
hours. A Gram stain was made of the colonies to 
ensure that only the test microorganisms were 
present; a Maxted tube containing a cotton 
pellet without medicament was used as a con­
trol. The following medicaments were studied: 
parachlorophenol in concentrations of 0.5 per 
cent, 1.0 per cent, 5.0 per cent, 10 per cent, 20 
per cent, and 30 per cent; 25 per cent formalin 
and 2 per cent glutaraldehvde. All drugs were in 
the form of an 80 per cent alcoholic solution. 
The long-distance bactericidal or fungicidal ef­
fectiveness was tested after a 24- and 7 2-hour 
period. 
-paper point 
-bacterial culture 
-cotton pellet 
RESULTS 
Waxled tube used for \tml\ of Ihr Іпщ-dntame 
bmlenndal and [wigiadal e/jat of wvrml méd-
icament·, 
The low concentration of parachlorophenol (0.5 per cent, 1.0 per cent) and 2 per cent 
glutaraldehvde showed no long-distance bactericidal or fungicidal effects after 
incubation for 24 and 72 hours (Table). 
b) Difco laboratories, Detroit Mich , U S A 
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TABLE: The effectiveness of various concentrations of medicaments on Streptococcus faecahs and 
Candida albicans 
Streptococcus faecahs Candida albicans 
24 hours 72 hours 24 hours 72 hours 
Medicaments 
Parachlorophenol 
Parachlorophenol 
Parachlorophenol 
Parachlorophenol 
Parachlorophenol 
Parachlorophenol 
Formalin 
Glutaraldehvde 
Alcohol 
Control cultures 
0.5% 
1.0% 
5% 
10% 
20% 
30% 
25% 
2.0% 
80% 
% 
reduc-
tion 
_ 
-
-
-
100 
100 
75 
-
-
-
No. of 
cultures 
tested 
7 
21 
14 
14 
7 
7 
28 
14 
14 
42 
% 
reduc-
tion 
_ 
-
44 
100 
100 
100 
100 
-
-
-
No. of 
cultures 
tested 
7 
21 
14 
14 
7 
7 
28 
14 
14 
42 
% 
reduc-
tion 
-
-
38 
43 
49 
46 
-
-
-
No. of 
cultures 
tested 
7 
7 
7 
14 
7 
7 
28 
14 
14 
28 
% 
reduc-
tion 
-
57 
100 
100 
100 
100 
-
-
-
Xo. of 
cultures 
tested 
7 
7 
7 
14 
7 
7 
28 
14 
14 
28 
Note: (-) indicates that the medicament had no effect. 
The 10 per cent, 20 per cent and 30 per cent concentrations of parachlorophenol and 
the 25 per cent formalin displayed a long-distance bactericidal and fungicidal effect 
after 72 hours. These drugs were more effective ¡LgmnmStreptococcusfaecahs than against 
Candida albicans (Table). Control cultures were all positive even after a one-week 
incubation period. 
DISCUSSION 
Recendy, many authors 3 6 have recommended that, for endodontic use, drugs should 
be placed in the pulp chamber on a cotton pellet rather than in the root canal on a 
paper point. In such instances, only volatile drugs can be expected to be effective. In 
the current investigation, the so-called long-distance bactericidal and fungicidal 
effects of several endodontic drugs were studied in vitro. The volume and concentra-
tion of the drugs tested were approximately the same as those used clinically. 
As can be seen in the Table, 10 per cent, 20 per cent, and 30 per cent parachlorophenol 
in alcoholic solution produced a germicidal effect after 72 hours. This is in 
contradiction to the findings reported in a study by HARRISON and MADONIA.7 They 
reported that even a 1 per cent concentration was effective against certain selected 
microorganisms. Their method, however, was to bring the microorganisms into 
direct contact with an aqueous solution of parachlorophenol rather than to test the 
vapor action of the drugs. The method used in the current experiment seems closer to 
the effect encountered in vivo where the drug is applied in the pulp chamber. 
Twenty-five per cent formalin in 80 per cent alcohol was shown to be effective in vitro in 
this study; this concentration is also routinely used in vivo in our endodontic clinic with 
good results. 
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Alcohol per se was not bactericidal or fungicidal as evidenced by the fact that neither 
the lower concentrations of parachlorophenol nor the glutaraldehyde that contained 
alcohol showed antimicrobial action. 
We think that in vitro technique might be valuable for the screening of potentially 
useful drugs for endodontic medication. The cellular and tissue cytotoxicity of those 
drugs selected by this technique will be the subject of further research. 
SUMMARY 
The long-distance bactericidal and fungicidal effects of parachlorophenol, formalin, 
and glutaraldehyde, all in 80 per cent alcoholic solution, were studied by means of an 
in vitro model (Maxted tube). The drugs were tested against Streptococcm faetaln and 
Candida albicans that were previously isolated from the root canals of endodontic 
patients. A concentration of at least 10 per cent parachlorophenol in 80 per cent 
alcoholic solution has the same long-distance bactericidal and fungicidal effectiveness 
as 25 per cent formalin in 80 per cent alcoholic solution.<·' 
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1.4 
Long-distance Cytotoxicity of 
Parachlorophenol and Formalin in vitro 
ABSTRACT 
The 'long-distance' cvtotoxicitv of 10 per cent parachlorophenol in 80 per cent 
alcohol solution and 25 per cent formalin in 80 per cent alcohol solution has been 
tested bv in miro experiment on Vero cells No difference could be found between the 
lubes containing formalin and those of the controls However, parachlorophenol 
appeared far more toxic for the mammalian cell line used in this study 
INTRODUCTION 
Endodontic drugs should have a low cvtotoxicitv but a high bactericidal and 
fungicidal action The biological effect of intracanal drugs has been found bv 
evaluating the cvtotoxicitv both m vitio (screening test for toxicitv) and m mo ' 
SPANGBERG ' has shown good correlation of the results of the two testing procedures 
Most in vitro techniques have been based on direct contact of material and cell On the 
other hand, main authors ' ' have come to the conclusion that with m ы о testing the 
drugs should be placed on a cotton pellet m the pulp chamber of the tooth rather than 
on a paper point in the root canal This indicates that drug action is caused by vapor, 
the so-called long-distance effect, rather than bv direct contact 
The current studvis an attempt to simulate the m airo situation of a drug not induect 
contact with the cells on which it acts 
MATERIALS AND METHODS 
Cells of a confluent monolaver of subcultureel Vero cells·1 were trvpsim/ed (1 250) 
and suspended m a few millirneiers of culture medium M 199 supplemented with a 5 
per с ent fetal calf serum 1)l Maxted1 tubes (Fig 1) were filled b\ capillary force with a 
suspension of the Vero cells The cells were then allowed to adhere to the capillary part 
SD Tui·,FW BMifR.andRM Dl-GROOD Ni|mcgcn, Netherlands Cop\ right bv the American Dental 
Association Reprinted bv permission from J Endodom 2 78 80 1976 
a Flow Laboratories, Irving, Scotland 
bj Difco Laboratories, Detroit Mich , U S A 
c) Maxted Buis|es |SCM) Koppen, Fmdhcnenseweg 19, Best N Brabant, Netherlands 
d) Tubes VN30, Falcon 
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cell culture cotton pellet 
bone wax 
10 m m ι 
50 m m 
FIG 1 - Schematic dmuinc of Xtaxted lube used for studi of lom; distance cytotoxic iffect of suerai medicaments 
of the tube for two hours while the Maxtcd tube was placed hon/ontallv in a culture 
vessel'1' without culture medium This was done to destro\ cells on the outer wall of 
the Maxted tube After two hours, the medium coniaiiiing the unattached cells was 
removed and the tubes were refilled with fresh medium The culture vessel was then 
filled with 3 ml of culture medium, and the tubes were again placed in а Ьоп/оша! 
position to facilitate diffusion of the medium ingredients Care was taken to ensure 
that no air bubbles were trapped in the tubes 
After two dav s, tubes that showed good growth under phase contrast microscopy were 
selected for the experiment The medium was removed, and the tubes were refilled to 
two thirds of their length The tubes were then plugged with cottonwool pellets Five 
microliters of the test drug, 25 per cent formalin or 10 per cent parachlorophenol 
(PCP) both m 80 per cent alcohol solutions, was then injected into the plug The tubes 
were sealed with bone wax, again placed in the culture vessel in a horizontal position, 
and incubated for another 24 hours A total of 67 tubes was used, 23 of parachloro­
phenol, 22 of formalin, and 22 of controls 
The cells were fixed in 10 per cent budered formalin After fixation, the specimens 
were dehvdrated and stained with hematoxvhn and eosin For better observation, the 
tubes were filled with glvcenn and immersed in a Petri dish filled with glvcenn 
Morphologic appearance and rate of detachment and viabilitv of cells as determined 
bv a trvpan blue vital-staining procedure were the criteria used to determine the 
degree of cvtotoxicitv 
RESULTS 
The Maxted tubes could be assigned to one of two categories - one that contained 
healthv appearing fibroblasthke ct lis and varving numbers of pvknotic cells ( Fig 2), or 
the other that contained cells that had become rounded (Fig 3] The latter tubes often 
appeared to contain onlv a few cells, apparentlv because the cells were partly 
detached Vital staining with trypan blue showed that all the rounded cells were 
invanablv dead Without exception, the latter tubes contained the cells that had been 
treated with 10 per cent parachlorophenol solution No difference could be seen 
between the cells of the control group and those treated with formalin 
26 
Fic.2 - Control Vero cell cultures m Maxted tube after 72 koun fH&E. οπς mag XI 90/ 
• « t 
J ^ ^ · f * »w 
FIG. 3 - Lonq-distance toxiatt of 10% parachlorophenol in f)0% alcohol wlutmn on Vero cell cultures after 24 hours ÍH&F. 
arig тац XI Юі 
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DISCUSSION 
The m Î Uro tec hinque most often used to assess the elfect oí a medicament on tissue 
within the root canal has been based on direct contact ol material and tell " The 
parameter for cuo tox icm has been the degree ol destruction of the monolayer This 
approach was adopied because it paralleled the/н τ HO situation ol a medicated paper 
point introduced into the root canal Inrecent vears, however, \ar iousauthois ' ' have 
r e c o m m e n d e d placing the drug on a cotton pellet in the pulp chamber O u r //; nlw 
technique corresponds to this new approach m that theie is no direct contact of drug 
and cells The shape of the Maxted tube is somewhat analogous to the anatomy of the 
pulp chamber and root canal, however, root canals ma\ contain exudate, gases, and 
moisture 
We have unestigated the drugs in concentiations that still have an acceptable 
bactericidal and fungicidal effect ' s Ol the two drugs tested, 10 per cent parachloro-
phenol in 80 per cent alcohol solution had a verv e\ident cytotoxic effect The cells 
became rounded and many weie detached Cells that still adheied to the vessel wall 
after 24 hours mc ubation stained with trypan blue within one minute, indicating that 
they were dead These findings are consistent with those of KVAPILOVA and 
associates,1' yvfio found that camphorated chlorophenol had a similar effect on L 
fibroblasts 
No difference could be found between the tubes that contained formalin and those of 
the controls These tubes contained healthy-appearing fibroblasthke cells and varying 
amounts of pyknotic cells, the numbers of which did not differ significantly between 
the controls and those treated with formalin It might be possible that these cells 
represent cells that have not adheied to the vessel wall after inoculation However, it 
must be pointed out that the culture conditions may not have been optimal 
Nevertheless, from this study, it is apparent that this screening method might be 
useful for evaluating drug toxicity We are now planning to improve the culture 
conditions and extend the n u m b e r of cell lines to be tested 
SUMMARY 
A new screening method is described for evaluating the cytotoxicity of intracanal 
drugs m t itro Instead of bringing the cells into direct contact with the drug, we made 
use of the long-distance effect of the drug, thus simulating the in vivo situation of the 
drug placed in the pulp chamber rather than m the root canal 
From this study and under the conditions used, it appeared that 25 per cent formalin 
in 80 percent alcohol solution is less toxic that 10 p e r c e n t p a r a c h l o r o p h e n o l m 80 per 
cent alcohol solution 
CONCLUSION 
When the drugs parachlorophenol and formalin were used m the lowest concentra­
tions in which thev are still suitable as bactericidal and fungicidal agents, the former 
was far m o r e toxic for the mammalian cell line used 
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1.5 
'Long-distance' Action of Parachlorophenol 
and Formalin in Polyethylene Tubes 
implanted in Guinea Pigs 
ABSTRACT 
Two disinfectants used in endodontics (parachlorophenol and formalin), placed on 
cotton pellets in 20 mm polyethylene tubes, were implanted under the skin in the 
backs of guinea pigs. Histologic evaluation of their 'long-distance' irritant effects was 
made at 3, 10, and 90 days. No difference could be observed between the reaction of 
the experimental and the control animals to any of the tubes on the various 
experimental days. 
INTRODUCTION 
It is known that disinfectants used in endodontics can produce a severe reaction of the 
residual pulp and the periapical tissue. For this reason, antibiotics have been used 
instead of disinfectants, but it is known that these medicaments can also produce 
irritation of the tissue.'2 It docs not seem possible to avoid irritation completely, but it 
remains necessary to seek the method that causes the least severe and most readily 
reversible irritation. In our opinion, medicaments with 'long-distance' effectiveness 
are the most suitable.16 
In this study polyethylene tubes containing the medicaments to be tested have been 
used. The tubes were subcutaneously implanted in the backs of guinea pigs, and the 
adjacent tissue was evaluated histologically. 
METHODS AND MATERIALS 
Polyethylene tubes 20 mm long with an inner diameter of 1 mm, containing cotton 
pellets at one end, were sterilized with elhylene-oxide gas. They were used 24 hours 
after the sterilization process. Before implantation, the cotton pellets were dampened 
with 0.005 ml of one of the following solutions: 10 per cent parachlorophenol in 80 
per cent alcohol (PCP), 25 per cent formalin in 80 per cent alcohol (F), 80 per cent 
alcohol (A), or sterile saline solution (C) as a control. The tubes were closed at one end 
with sterile bone wax (Ethicon). Care was taken that a space of 10 mm was left between 
S D THF.andJ С MALTHA, Nijmegen, The Netherlands - Copyright bv the С V MosbvCompanv.St Louis, 
Missouri U S A. Reproduced with permission fiom Oial Surg Oral Med Oral Pathol 41 244-250,1976 
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the cotton pellets and the open end of the tube (Fig. 1). This was done to avoid direct 
contact oí the drug with the connective tissue. The tubes were implanted under the 
skin in the backs of 36 female albino guinea pigs weighing approximately 250 grams 
each. Since one can implant as manvas four polyethylene tubes (Fig.2) into a single 
animal it is possible to compare the control and the experimental drugs within the 
same animal. This eliminates problems related to variable physiologic states between 
different individuals. Sixteen guinea pigs were killed at 3 days, 16 at 10 days, and 4 at 
90 days after implantation. 
cotton pellet 
bone wax 
шттж 
D__t 
i m m 
ц—l 
10mm 
2 0 m m 
FIG 1 - Schematic draiuing of a pol\eth\lene lube n\ ичеіі fnr Ihr \tiirl\ n[ the lnnt>-di\tnnce' Insite reaction n/ \eieral 
medicamenti 
plunger. 
needle-
polyethylene tube-
Fic,.2 - Smgital implantation of pnheth\lene tubes contammo left solutions into the back of a guinea pig 
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Longitudinal histologie sections were prepared and the tissue reactions were assessed 
on at least six sections for each implant. They were stained with hematoxylin and 
eosin. 
The irritation caused by a drug was scored at the open end of the tube by estimating 
the degree of inflammation. A classification of 0, 1, 2 and 3 was used to indicate, 
respectively, no irritation to severe irritation. 
RESULTS 
At the time of the animals' death some tubes had migrated, so they could not be 
recovered. 
At 3 days all of the tubes contained exudate in which polymorphonuclear leukocytes 
were diffusely scattered in the open part of the tube (Fig.3). At the open end of the 
tube, necrotic tissue was found. No difference could be observed between the reaction 
in the experimental and the control tubes. More than 80 per cent of the tubes caused a 
severe irritation in the surrounding tissues (Table). 
TABLE: The percentages of the tubes giving a high imtation score (2 or 3) at different, times for the 
different drugs and the total number of tubes scored for each category 
Drugs Parachlorophenol Formalin Control 
_ _ -
% No. 
86 14 
23 13 
0 4 
. 
% 
80 
21 
0 
No. 
10 
14 
3 
% 
82 
21 
0 
-
No. 
11 
14 
4 
At 10 days most of the tubes showed fibroblast migration into the lumen, with necrotic 
tissue trapped between the fibroblast migration and the exudate (Figs.4 and 5). The 
amount of fibroblast migration and the exudate was measured, but no statistical 
differences could be observed between the control and experimental groups. The 
irritation of the tissue surrounding the open part of the tube was less than at 3 days. In 
all groups only about 22 per cent showed a severe irritation (Table). After 90 days only 
a small degree of fibroblast migration was found in all tubes. No necrotic tissue was 
trapped, there was no exudate, and no irritation was seen. 
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DISCUSSION 
The reaction oí the residual pulp to the intrac anal drugs іь dependent on the amount, 
concentration, and duration ot the a p p l u a u o n POWLLL, MARSHA! L and Ml LU ' 
have stated that those drugs which are effe c i n e as a vapor should be less irritating than 
those which are effective onlvbv direct contact in a liquid form This holds true if one 
compares the same a m o u n t of both drugs, since it is not the total amount of the 
medicament m the root canal but the a m o u n t of the drug in direct contact with the 
residual pulp and the periapical tissue which decides the extent ol the irritation A 
drug which acts in its vapor form will slowlv build up to its final concentration, 
whereas in the case ol a drug acting by direc t contact the lull concentration will be able 
to act nmnediatelv on the tissue 
In these experiments 0 005 ml o l a 25 percent formalin solution m 80 percent alcohol 
was used According to SPAULDING \ this medicament is a Class 1 disinfectant T h e 
a m o u n t is the same as used in clinical applications The a m o u n t of lormalin used 
might be m o r e irritating than the full concentration o r a fì\e times diluted solution of 
formocresol as used b \ LOOS, STRAFFON ,aiid HAN ^ or theO 0025 ml formocresol 
used b\ POWELL, MARSHALL, and Ml I H ", but it is the minimal amount which one 
needs for an adequate bactericidal and fungicidal effect ' NAIDORF ' stated that the 
use oí a good bactericidal agent as an intcrvisit dressing could achie\e a considerable 
shortening of the total treatment period 
From eaiher experiments, ' ' it ina\ be cone luded that the fungicidal and bactericidal 
effect of 0 005 ml 25 per cent formalin in 80 per cent alcohol is comparable to (hat of 
0 005 ml 10 per cent parachlorophenol in 80 per cent alcohol 
The experiments described were performed on guinea pigs The use of guinea pigs 
has some disadvantages For example, one has to be more careful about aseptic 
conditions than when working with rats Also guinea pig strams are not as inbred as rat 
or mice strains, and therefore guinea pigs are not as uniform Howe\er, one decided 
advantage is that guinea pigs are more susceptible to irritating stimuli, so thev mav 
have a stronger reaction to relamclv small amounts ol irritating agents 
Despite the (act that the guinea pig might be expected to gi\e better-differentiated 
reac tions to the various drugs used in the experiment, the histologic evaluation of the 
material showed no significant differences between the medicaments or between the 
various medicaments and the controls In all cases necrotic tissue and an exudate were 
found S davs after implantation After 10 davs a migration of fibroblasts into the 
lumen of the tube was found in all groups, while necrotic tissue and exudate remained 
in the tube Alter 90 d a ' s of implaination the exudate and the necrotic tissue had 
disappeared m all groups and only \ery little migration of fibroblasts was found 
These results indicate that the effect ol the drugs used is very small compared to the 
effect of the operation and the implantation ol the polvethvleen tubes 
The tissue reactions that we found are comparable to those found bv LAMBjtRG-
HANSFNJ '" in his experiments on vital and mortal pulpectomv in human teeth The 
presence ol an exudate, necrotic (or mummified as LAMBJERG-HANSEN с alls it) tissue, 
and an ingrowth of vital tissue in the apical region indicates that m both experiments 
the same events took place 
O u r experimental design makes it possible to obtain more reproducible results than 
m гчгп, for the diameter of the apical [mamen (the open end of thepolvethvlene tube) is 
standardized and the length of the root canal ^the length of the polyethylene tube) as 
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well as the distane с from the с otton pellet to the opt n end oí the tube is reproducible 
Furtheimore, there is no iisulual pulp that can miei lei e with the medicaments used 
A disadvantage o( our experimental design appears to be the introduction ol a wound 
that mterleres with the elice ts of the drugs tested In (act, this is the same situation as//; 
ι л«, since in that case the drug is also applied nue) a tissue with a severe wound The 
healing ol the wound is not signilicanth inllueneeel In the lemg-disiance efiect of the 
medicaments tested m these expeinnents 
SUMMARY 
Two ci idodontu intracanal medicaments фагасі і іоюрінчюі and (ormalin in p o l v 
et lnlene tubes were tested lor their n mant el (eet b\ implantation m the backs ol 
guinea pigs 
Histt)logic evaluation at S elavs showeel an exudate with polvmoiphonur lear 
leukeHvtes m the open part e)[ the tube 
At 10 davs most ol the tubes showed libroblast migratiem into the open lumen, with 
necrotic tissue trapped between the fìbioblast niigiation and the exudate 
At 90 davs onlv a little fibroblast migration was (еніпсі m a l leo ! the tubes No necrotic 
tissue was trapped and no irritation was seen 
No dillerenee could be observée! between the ι eat lion in the experimental and the 
control situations 
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1.6 
Reactions of Guinea Pig Subcutaneous Connective 
Tissue to 'Direct' or 'Long-distance' Exposure 
to Parachlorophenol or Formalin 
containing Endodontic Drugs 
ABSTRACT 
The irritating properties of four root canal disinfecting agents have been tested, either 
in direct contact with, or at some distance from subcutaneous tissue in the backs of 
guinea pigs. The agents were implanted in polyethylene tubes. After ten days the 
animals were killed for histological evaluation. Significantly more irritation than the 
control treatment was found using CHKM, formocresol or 25 per cent formalin in 80 
per cent ethanol. 20 per cent parachlorophenol in 80 per cent ethanol caused no 
significant increase in irritation compared to the controls. 
A significant difference in irritating effect was also found between direct and long­
distance application of the agents. 
INTRODUCTION 
Chloro-phenol-campher-menthol (CHKM), Camphorated-mono-chloro-phenol 
(CMCP) and formocresol (FC) are commonly used in dental practices as disinfecting 
agents in endodontics. 
CHKM and CMCP contain 35 per cent parachlorophenol, but it has been shown that 
a solution of onlv 2 per cent parachlorophenol is capable of killing the micro­
organisms commonly found in root canal1·2. A 10 per cent parachlorophenol solution 
in 80 per cent ethanol is needed to kill all the microorganisms in thew vitro 'long-dis­
tance' situation \ Unpublished clinical trials however, have revealed that the use of 10 
per cent parachlorophenol in 80 per cent ethanol in the clinical situation does not 
always result in negative bacterial cultures, while 20 per cent parachlorophenol in 80 
per cent ethanol does λ. 
Formocresol, which was introduced by BUCKLEY5, contains a 50 per cent formalin 
solution. The bactericidal effect of FC is good even if it is diluted to 1/50 of its normal 
concentration * or if it is used in very small quantities 7. The tissue irritating effect of 
CMCP and FC differed greatly when tested in skin8, and also on subcutaneous 
connective tissue in animal experiments FC is far more irritating than CMCP 4 1 0 ' " . 
S D T U F - , J . C Мм.гнл, A J M P I A S « Н А Ш Т , Niimegen, Піс Neihcrlaiuls - Accepted for publicat ion m 
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The irritating effect of FC is mostly due to the cresol12, when cresol is omitted and a 
solution of 25 per cent formalin in 80 per cent ethanol used in its place, than the 
bactericidal efTect remains good ]i 
In a previous study l4 we have shown that no significant differences were apparent 
between the irritating effect of 10 per cent parachlorophenol in 80 percent ethanol, 25 
per cent formalin in 80 per cent ethanol and ph\siological saline in 'long-distance' 
animal experiments 
The aim of the present study was therefore to compare the irritating properties of four 
root canal disinfectants, either in 'direct contact' with, or at a 'long-distance' from 
subcutaneous tissue in guinea pigs 
MATERIALS AND METHODS 
Polyethylene tubes with an internal diameter of 1 mm containing a cotton pellet were 
sterilized with ethylene-oxyde gas The tubes were not used within 24 hours of the 
sterilization process 
To evaluate the degree of irritation caused by the drugs if acting at a long distance, 
tubes of 20 mm length were used, and the cotton pellet was placed at one of the open 
ends 
For the evaluation of the irritation arising by direct contact between the drug and the 
tissue, tubes of 10 mm length were used completely filled with a cotton pellet Before 
implantation the cotton pellets were dampened with 0 005 ml of one of the following 
solutions, the concentrations of which were chosen on the basis of a previous 
experiment l4 
1 20 per cent parachlorophenol in 80 per cent ethanol (PCP) 
2 CHKM (a mixture of 35 per cent parachlorophenol with camphor and menthol) 
3 Formocresol, Buckley's Formula (FC) 
4 25 per cent formalin in 80 per cent ethanol (F) 
5 Sterile physiological saline 
In the experiment to be described here, we decided to use CHKM and FC as positive 
controls 
The tubes were closed at one end with sterile bone wax (Ethicon) The 20 mm tubes 
were closed at the side adjacent to the cotton pellet, leaving an empty space of 
approximately 10 mm between the pellet and the tissue (Fig 1) 
Ten (5x2) randomized blocks (8 replicas each) were formed bv implanting four tubes 
per animal in twenty guinea pigs The tubes were implanted under the skin of the back 
in each of the twenty female guinea pigs each weighing approximately 250 grams 
After ten davs the animals were killed and the polvethvlene tubes were dissected out 
together with the surrounding tissue After fixation in 10 per cent neutral formalin and 
dehvdratation the tissues were embedded in Paraplast (Sherwood medical) Serial 
sections were prepared and irritation scores were given b\ three investigators 
according to the following scoring s\stem 
A score '0' was given in cases in which at the open end of the tube normal fibrous 
connective tissue was found The connective tissue contained many fibroblasts and 
well developed collagenous fibers Only a few polvmorphonuclear leucocytes were 
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long distance effect 
F[( 1 -StlmntilK ri/iriu iilrilmn nfa/mlïilliili m titht ti\ usui for liti situi*, n//In anni ami limi; dnlnmi tonimi Іінт 
itiHtiiiìis tu smini mtflitntiiinh 
found scattered through the tissue 
A score ' Г was given in cases in which m o r e polymorphonuclear leucocvtes in the 
tissue were found The tissue at the open end of the tube contained more capillaries 
than in the cases with a score '0' 
A score '2 ' w a s g n e n in cases in which many polvmorphonuclear leucocvtes and some 
hmphocvtes were situated between the collagen fibers which were more or less 
fragmented The n u m b e r of fibroblasts was in most cases noticeably less than in the '0' 
or Ί ' specimens and in most cases an abundant vascularization was also observed 
A score o f ' 3 ' with/without 'necrosis' was given in cases in which tissue destruction at 
the open end of the tube was ob\ious, degeneration of the collagen fibers had 
occurred, active fibroblasts were scarcelv to be found and large areas were occupied by 
leucocues 
For the statistical e\aluation it was assuined that the unit scores for irritation (0, 1,2 
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and 3) approach equaJitv, therebv giving the advantage of a more powerful statistical 
anaKsis " Data were therefore subjected to analvsis ol variance, for detailed 
comparisons students t-test was used 
RESULTS 
Histological evaluation 
In all the long-distance groups an exudate containing some polvmorphonuclear 
leucoevtes was found in the lumen of the implanted tube In most cases the lumen also 
contained some necrotic tissue and an ingrowth of fibroblasts (Fig 2) In the direct 
contact group no ingrowth had taken place, no necrotic tissue was found inside the 
tube nor was any exudate found This phenomenon might be due to the lack of space 
in the tube or to the fact that during the preparation for histological treatment the 
cotton pellets containing the ingrowing tissue, together with the necrotic tissue and 
the exudate, had been removed 
The scoring of the irritation at the open end of the tubes in the various groups can be 
summarized as follows 
PCP 
Long-distance no obvious irritation, 
score 0-1 Mean score 0 2 ± 0 5 (Fig 2) 
Direct contact no obvious irritation, 
score 0-1 Mean score 0 9 + 06 
CHKM 
Long-distance no obvious irritation, 
score 0-1 Mean score 0 6 ± 0 5 (Fig 3) 
Direct contact mild irritation, 
score 1-2 Mean score 1 2 ± 0 7 
FC 
Long-distance mild irritation, 
score 1-2 Mean score 1 5 ± 1 1 (Fig 4) 
Direct contact severe irritation, necrosis 
score 2-3 Mean score 2 5 ± 0 8 (Fig 5) 
F 
Long-distance in most cases no obvious irritation, 
score 0-2 Mean score 1 0 + 1 1 
Direct contact in most cases mild irritation, 
score 0-2 Mean score 1 4 ± 0 7 
Saline 
Long-distance no obvious irritation, 
score 0-1 Mean score 0 1 + 0 4 
Direct contact no obvious irritation, 
score 0-1 Mean score 0 2 + 0 5 
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Statistical analysis 
The means and corresponding standard deviations of the irritation scores for the 
various disinfecting agents are shown in Table I; for both direct contact and long-
distance. The results of the corresponding analysis of variance are given in Table II. 
As is shown in Table II the significant differences between the ten treatments must be 
attributed to the factors: disinfectingagent(mcan square6.05 Pf < 0.001) and distance 
of these agents from the tissues (mean square 7.35 Pr < 0.001). No interaction was 
found to have taken place between the two factors (disinfecting agent -distance) 
involved (P| < 0.05). 
As far as the disinfecting agents are concerned the results of a more detailed analysis 
are given in Table III. CHKM, FC and Fwere significantly more irritatingto the tissues 
(Table I, average scores 0.9, 2.0 and 1.2 respectively) as compared to the controls 
(average score 0.2). However, PCP (average score 0.6) was not found to cause 
significandy more irritation than the controls. 
The disinfecting agents placed in direct contact with the animal tissue caused much 
more irritation (average score 1.2 ± 1.0) as compared to the long distance effect 
(average score 0.7 ± 0.9). 
TABLE I: Mean scores (+ standard deviations: N = S J for irritation at ten days, for the different 
disinfecting agents either in direct contact or at a long distance. 
Treatment 
PCP 
CHKM 
FC 
F 
control 
Pooled average 
Direct contact 
0.9 ± 0.6 
1.2 ± 0.7 
2.5 ± 0.8 
1.4 ± 0.7 
0.2 ± 0 . 5 
1.2 ± 1.0 
Long-distance 
0.2 ± 0.5 
0.6 ± 0.5 
1.5 + 1.1 
1.0+ 1.1 
0.1 ± 0.4 
0.7 ± 0.9 
Pooled 
0.6 ± 0.6 
0.9 ± 0.7 
2.0 ± 1.0 
1.2 ± 0.9 
0.2 ± 0.4 
1.0 + 1.0 
TABLE II: Anahw of variance of the scores for irritation after treatment with four disinfecting 
agents each in direct contact and at a long-distance (direct/long): d.f. = degrees of freedom. 
Source of variation d.f. 
Between treatments 9 
Disinfecting agent 4 
direct/long 1 
interaction 4 
Remainder 70 
Total 79 73.95 
Sum of squares 
?7.85 
30.13 
6.05 
1.67 
56.10 
Mean 
squares 
4.20 
6.05 
7.53 
0.41 
0.51 
P| 
< 0.001 
< 0.001 
< 0.001 
>0 .05 
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TABLE III: Levels of signifícame oft-test for comparison of the irritation scores for the various 
disinfecting agents. 
PCP CHKM FC F С 
PCP 
CHKM 
FC 
F 
n.s = not significant; * = ρ < 0.05; ** = ρ < 0.01; *** = ρ < 0.001. 
DISCUSSION 
Endodontic drugs have to fulfil the condition that they are both bactericidal in the 
clinical situation and that the irritation of the tissues due to the drugs is minimal. 
CHKM and FC which are commonly used in endodontics are both sufficiently 
bactericidal but the necessity for high concentrations of parachlorophenol or 
formalin and the use of cresol as a vehicle have been questioned by several 
authors l·2· ,''^7. The desire to use lower concentrations has become more important 
since it has been shown that these drugs cause severe irritation to tissues 9 · , " · "
ι
 which in 
the case of FC may be due to the cresol c o n t e n t l 2 . 
Experiments on the bactericidal effect of less concentrated drugs have already shown 
that 20 per cent PCP in clinical trials results in negative post treatment cul tures 4 . 
Omission of the cresol from FC was found not to diminish the bactericidal effect l i . 
We have not only considered the long-distance effect but also the effect of direct 
contact. 
The reason for this is that in the clinical situation both types of tissue-drug interactions 
mav take place. The long-distance effect of the vapour of the medicament will act u p o n 
the periapical tissue through their main and accessory canals. 
Because of the fact that in most teeth lateral canals exist in the area of the furcation, the 
drugs may also act by means of direct contact u p o n the tissue of the periodontal 
ligament "'. 
The results of this study show that the action of the drugs in direct contact cause a more 
severe irritation than is found when they act at a long distance. Furthermore this study 
has shown that the irritating effect of 20 per cent parachlorophenol in 80 per cent 
ethanol (PCP) in direct contact as well as at a long-distance is less than that of CHKM. 
25 per cent formalin in 80 per cent ethanol (F) is less irritating than FC. In contrast to 
an earlier investigation " a 25 per cent formalin containing solution in 80 per cent 
ethanol in this study caused significantly more irritation than a control saline solution. 
O n e explanation might be the fact that the direction of the open end of the 
polyethylene tubes was different in both experiments. In the experiment reported 
here the open end was placed away from the plunger, bringing the drug to be tested 
immediately in contact with the healthy tissue. In the previous experiment ' ' however, 
the open end of the tubes was orientated toward the plunger, whereby a great part of 
n.s. 
* * * 
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the drugs to be lesied might have been neutrah/cd b \ some exudate caused bv tissue 
t rauma from the needle The use of 20 per cent parachlorophenol in 80 per cent 
ethanol did not result in sigmfkantk more irritation as compared to saline solution 
We ma\ thereiore conclude that oí the intra canal drugs tested in this study, 20 per 
cent parac hlorophenol m 80 per cent ethanol seems to be the most suitable for use in 
endodontics 
SUMMARY 
Four root canal chsiniectmg agents were tested for possible irritating effect bv direct 
contact or at a distance.of 10 m m from tissues bv the use of polvethvlene tubes 
implanted under the skin of the backs ol guinea pigs 
After ten davs the animals were killed and histological evaluation was carried out. 
CHKM, formocresol and 25 percent formalin in 80 per cent ethanol were significantlv 
more irmating to the tissues compared to the controls A solution containing 20 per 
cent parachlorophenol in 80 per cent ethanol, was found not to cause significantly 
more irritation than the control treatment 
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1.7 
General Discussion and Conclusions 
The experiments described in the previous chapters, have been carried out in an 
attempt to look for experimental in vitro and in vivo models, which imitate the clinical 
endodontic situation. However, several limitations adhere to the methods used. Part 
of the limitations are those which are inherent to in vitro and in vivo (animal) 
experimentation. One has always to be careful in transferring results from in vitro and 
animal experiments to the clinical situation. The other source of limitations is related 
to the specific methods used in our experiments. Some general remarks can be made 
in this respect. 
In chapter 1.2 we described a clinical survey having its limitations in the fact that too 
many variables [e.g the method of applying the disinfecting agents) were not 
controlled. The results therefore are of limited value. Looking for better controlled 
experiments, the Maxted tube model was introduced as used in the experiments 
described in chapter 1.3 and 1.4. There are several aspects which were not taken into 
account in these in vitro tests, e g. the absence of necrotic tissue, blood and exudate. 
Another limiting factor was the presence of only two strains of microorganisms, 
whereas in the clinical situation we are dealing with a mixed flora, leading to all kinds 
of interactions between microorganisms reacting to substrate and bactericidal agents. 
These limitations have to be kept in mind in transferring the results to the clinical 
situation. 
An advantage of the use of the Maxted tube is its resemblance to the root canal with 
respect to its diameter, length, width and straightness. This technique makes it 
possible to test various drugs for their vapour effects. Comparing this experimental 
model with the so called 'usage test', the Maxted tube gives us the possibility of 
standardizing the straightness and width of the bore and the distance of drug to be 
tested from the bacterial suspension. 
With respect to the microorganisms used, it has been mentioned already that the effect 
of the test-drugs was tested on two strains only. Although we know on the basis of the 
results of other investigators (WINKLER<Y αι., 1959; ENGSTROM, 1964; HARRISON & 
MADONIA, 1970; KAWAHARA et αϊ, 1975), that Streptococcus faecahs is the'most 
persistent in the presence of the disinfecting agents used in endodontics, we have to 
bear in mind that combinations of different microorganisms might change the 
patterns and lead to different conclusions. In relation to the microbial part of our in 
vitro experiments the difference between anaerobic and aerobic microorganisms is of 
importance too (SUNDQVIST, 1976). In closed necrotic pulps mostly anaerobic 
microorganisms are found. These microorganinisms are easily killed by air. Thus, 
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when an access cavitv preparation is made followed b\ removal ofgross necrotic tissue 
and irrigation, various anaerobic microorganisms will be killed immediately 
In order to simulate more the tn inw clinical situation, the animal model was 
developed as used in the experiments described in chapters 1 5 and 1 6 The 
improvement lies in the fact that not onl\ the situation within the root canal, as studied 
in the Maxted tube system, but also the periapical situation is simulated Moreover the 
in vivo situation whereby under controlled conditions reactions in living tissues can be 
studied in relation to endodontic problems, can be considered as an improvement 
with regard to approximating the clinical situation However, more uncontrolled 
factors are introduced, among which the difficultv of separating the effect of the test-
agents from the surgical intervention, necessary to introduce the test-tubes 
Especially in studying short-term effects, this disadvantage complicates the inter-
pretation of the results Further research is necessary to improve and expand our 
animal model, in such a wav that tissue irritation can be evaluated simultaneously in 
relation to bacteriological and immunological problems The need for such animal 
models will remain since certain clinical problems cannot be studied in experiments 
on humans, as for instance the periapical situation in relation to endodontic 
treatment Although SIMON et al (1979) investigated the periapical reaction of 
formocresol in an usage test in monkevs, it can be questioned w hether their results can 
be transferred to the human situation TORN ECK and others (1973), using monkevs, 
showed that the monkey pulpal tissue is highlv resistant Despite the presence of 
severe inflammation, the periapical tissue of the monkey still allows for repair of hard 
tissue in the form of dentine TORABINFJAD and BAKLAND (1978) recommended cat 
teeth for studies on periapical lesions, because of the useful pulpal anatomy for 
endodontic experiments 
ClTROME et al (1979) found a close similantv in healing processes of teeth and 
supporting structures between humans and dogs Howe\er, the problem with using 
dogs as experimental models is, that their root canals normallv have more than one 
apical foramen 
Judging from the cited literature it is not quite clear which animal is the most suitable 
for usage tests in research in periapical irritation bv disinfectants 
On the basis of our own limited experiments we might conclude that parachloro-
phenol in a concentration of 20 per cent in 80 per cent ethanol is bactericidal and the 
least irritating of the drug formulas we have tested The data presented in chapter 1 4, 
however, are in disagreement with this conclusion We know now that the cell culture 
technique is not the method of choice for testing the irritation effects of disinfectants 
A disinfectant which gives hardlv an\ irritation should lead to regeneration of tissue 
reactions Any damage to the cells used in cell-culture experiments will lead to cells 
inadequate to react, irrespective of the damaging force Therefore the cell-culture 
method is unsuitable for the evaluation of recovery after irritation Chapter 1 4 is 
presented in this thesis therefore only for the sake of completeness 
Although we are aiming at a long-distance effect, mediated bv vapours only, in using 
disinfectants in clinical endodontics, it is still worthwhile to imestigatc the effect on 
periodontal tissues in direct contact The disinfectant, although put on a cotton pellet 
in the pulp chamber, can cause a direct irritation through the lateral canals especiallv 
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in post-canine teeth. 
The amount of disinfectant used in experimental studies should be clinically relevant. 
A good estimate for the content of the pulp cavity for an incisor is about 0.01 ml and 
for a molar tooth 0.03 ml (STEWART, 1948). Assuming an average of 0.02 ml, would 
mean that an amount of 0.005 ml for a disinfectant is equivalent to one quarter of the 
pulp cavity. 
Recendy MJÖR and associates (1977) have published a study to compare the results of 
cell-culture techniques, implantation tests and pulp studies. 
The conclusion they reached for three different dental filling materials is that culture 
techniques and implantation tests are of limited value as substitutes for the so-called 
usage tests. 
Although the correlation between the implantation tests and the usage test is rather 
poor, a correlation does exist between implantation and pulp reactions under other 
experimental conditions (MjÖRi/al., 1977). Also LANGELAND (1978) found that the 
implantation test may have its clinical relevance in regard to endodontic materials. 
Implantation techniques have several practical and economic advantages which are 
important from a testing point of view. 
The genera] conclusions which can be drawn from our studies in combination with 
piesent day knowledge as it appears in the current literature, are: 
1. The Maxted tube-technique is useful as an experimental m vitro method -for 
screening agents to be used in endodontics for their bactericidal effect. 
2. The animal model consisting of polyethylene tubes implanted subcutaneously in 
guinea pigs as described in the previous chapters, is suitable for further research in 
endodontic drugs. The method can be further developed. 
3. On the basis of our clinical survey one might conclude that one application of a 
disinfecting agent will not render the root canal sterile. 
4. From the disinfecting drugs tested, a parachlorophenol solution of 20 per cent in 
80 per cent ethanol proved to be a good disinfectant and to be the least tissue 
irritating in its effect, both at a distance or in direct contact. 
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2 
SODIUM HYPOCHLORITE 
AS ROOT CANAL IRRIGATING SOLUTION 
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2.1 
Introduction 
It has been known for some time that sodium hypochlorite has bleaching and 
disinfecting properties. It was first produced commercially in 1785 as a bleaching 
agent (chlorine gas in water solution). In London it was used already in 1854 in 
hospital wards for disinfection and deodorization. 
Chlorine found wide application as a disinfectant for open and infected wounds in the 
beginning of this century. In dentistry it has been used to stop bleeding after 
extraction of teeth. 
A more extensive historical review is given by DYCHDALA (1977). 
The use of sodium hypochlorite was introduced in the field of endodontics in 1921 by 
BLUM. Twenty years later, in 1941, GROSSMAN and MEIMAN reported a comparison 
of various solutions in dissolving pulp tissue. They found in their experiments that a 5 
per cent sodium hypochlorite solution was the most effective. 
Ha i fa century later increasing interest can be observed in endodontic research with 
respect to the various properties of sodium hypochlorite (SHIH et al., 1970; MARTIN, 
1970; SENlAetaL, 1975; RAM, 1977; TREPAGNIER, et al., 1977). 
Formaldehyde containing drugs are quite frequently used in the first visit of an 
endodontic treatment. The use of these formaldehyde containing drugs can counter-
act the dissolving properties of an irrigant used subsequently. 
In the current literature the question of whether fixed necrotic tissue can be as easily 
dissolved by sodium hypochlorite as unfixed necrotic tissue remains unanswered. 
Some information on this subject is given in a previous publication (LAMERS et al, 
1972). 
In the experiments described in chapter 2.2. we at tempt to answer this question. 
Some controversy can be found in the literature regarding the effectiveness of various 
irrigating solutions. SENlAetaL (1971) showed a significant difference in cleansing the 
root canal between a 5.25 per cent NaOCl solution and saline; 5.25 per cent NaOCl 
being the more effective. BAKER and associates (1975) on the contrary, using different 
methods, did not found significant differences between the use of a saline solution and 
a 1 per cent NaOCl solution. In the experiments described in chapter 2.2. we deal with 
the matter in an attempt to clarify the uncertainty. The experimental model used has 
the following advantages in comparison with clinical testing: 
1. equal amounts of tissue; 
2. no anatomical difference as encountered in root canals; 
3. same condition of tissue regarding decomposition; 
4. standardized amounts of irrigating solution in contact with the tissue fragments. 
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T h e results of the tissue dissolving capacities of the irrigating solutions с an be assessed 
easih and clearlv b\ naked e\e estimation 
The alternating use of sodium h\pochlorite and h\drogen peroxide was first 
introduced bv GROSSMAN in 1943 In recent \ears, several in xitro experiments ha\e 
been published on the alternating use of sodium hvpochlonte and h\ drogen 
peroxide 
In 1971 SEMAe¿a/ published results, bywhich they showed the alternating use of 5 25 
per cent NaOCl and H 2 0 2 to be superior in root canal cleansing than NaOCl alone, in 
the coronal part of the root canal Later, ΒλΚΙ Ret al (1975) could not confirm this 
finding, using a 1 per cent solution of sodium Irvpochlonte 
SVEC and HARRISON (1977) howe\er, m contrast to SENIA et αϊ (1971) found 
significandv better cleansing effect also in the apical third of the root canal with 
alternating use of 5 per cent NaOCl and 3 per cent H i 0 1 as compared to the use of 
NaOCl alone Hence, in an attempt to overcome the pitfalls in using extracted h u m a n 
teeth, we used the model as described in chapter 2 2 , in order to gain m o r e data 
regarding the disputed dissolving efiec t of the aJternateK used sodium h\ рос hlonte 
and h\drogen peroxide 
A biological contra-mdication to the use of sodium hvpochlonte is its irritating effect 
COOLIDGE 11932) was the first who studied the effect of sodium l u p o c h l o n t e 
solution, in animal teeth H e used sodium hvpochlorue as an irrigating solution for 
cleaning the root canal in dog teeth H e found sodium hvpochlorue to be less 
irritating for the periapical tissue as compared with solutions containing formalde-
hvde or parachlorophenol 
Dropped in rabbits eves, SCHILDER and AMSTERDAM 11959) found a moderate 
response from sodium hvpochlonte Subcutaneous injection ofO 1 ml, of a 5 percent 
concentration of sodium hvpochlonte in rabbit gives moderate inflammation, 
whereas when injected intradermallv it gives a severe response (HARRISON and 
MADONIA, 1971) 
In a cytotoxicitv studv bv SPANGBERG (1973) on cell-cultures, a concentration of 0 5 
per cent sodium hypochlorite was found to be less cvtotoxic than higher concen­
trations 
In order to determine which concentration of sodium hvpochlonte should be used 
chnicallv to achieve an optimal dissolving but nonirruating effect, an experiment was 
performed which is described in chapter 2 3 In this study sodium hvpochlonte was 
tested in the same animal model-svstem as was used and described in chapters 1 5 
and 1 6 of this thesis 
The results of the studies on the η mat ing effect of sodium hvpochlonte on 
subcutaneous connective tissue in guinea pigs, are given in chapter 2 3 
In chapter 2 4 the general discussion and conclusions are jDresented regarding the use 
of sodium hypochlorite as an irngant and disinfecting agent in clinical endodontics 
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2.2. 
T h e Solvent Action of Sodium Hypochlori te 
on Fixed and Unfixed Necrotic Tissue 
ABSTRACT 
This study was carried out to answer the questions concerning the percentage of 
sodium hypochlorite needed to dissolve necrotic tissue and parachlorophenol- of 
formaldehyde-fixed necrotic tissue and the effect of the combined use of sodium 
hypochlorite and hydrogen peroxide. 
The results in this investigation indicate that a 3 per cent concentration of sodium 
hvpochlorite is optimum for the production of an adequate solvent action on necrotic 
tissue. A combination of sodium hypochlorite with 3 per cent hydrogen peroxide did 
not result in an increased solvent action; therefore, their simultaneous use is not 
recommended. 
INTRODUCTION 
Because of the morphologic complexity of most root canals, removal of all necrotic 
pulp tissue during the mechanical preparation of these root canals is inadequate.'·2 
One chemical agent which is capable of dissolving necrotic tissue is sodium 
hypochlorite. The concentration of free chlorine in sodium hypochlorite solutions 
available in different countries varies between, for example, 1 per cent in England 
(Milton), 8 per cent in Germany, and 5 per cent in the United States (Clorox). In the 
United States the sodium hypochlorite solution used in dentistry is derived from a 
household bleaching agent. This solution is not stable because of the presence of C
a 
ions. The two first solutions mentioned are more stable. There is some question as to 
the concentration to be used for endodontic purposes. In the literature a 5 per cent 
sodium hypochlorite solution as it comes from the manufacturer or dilution with an 
equal volume of water is mentioned,1 but SPANGBERG * found the proteolytic action of 
this concentration too strong to permit its use as an intracanal dressing. NIC40LLS , 
recommends a 1 per cent solution and SPANGBERG ' a 0.5 per cent solution. 
GROSSMAN ^ prefers a combination of sodium hypochlorite and hydrogen peroxide 
applied alternately in order to combine the dissolving effect with a bubbling effect. In 
Europe most necrotic pulp tissue has been previously fixed wTith parachlorophenol or 
formaldehyde containing therapeutics to avoid transient bacteremia during mechani-
S.D. THF, Ni|megen, The Netherlands. - Copyright bv the С V. Mosbv Companv, Si Louis, Missouri 
U.S.A. Reproduced with permission from Oral Surg Oral Med Oral Pathol 47. 5'58-561, 1979. 
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cal preparation, and this fixation gives subsequent troubles in dissolving the pulp 
tissue. 
The study reported here was carried out in order to get an answer to the question of 
what percentage of sodium hypochlorite solution is needed to dissolve necrotic tissue 
and parachlorophenol of formaldehyde-fixed necrotic tissue and to determine the 
effect of the combined use of sodium hypochlorite solution and 3 per cent hydrogen 
peroxide, used alternately or together. 
MATERIALS AND METHODS 
Sodium hypochlorite solutions were used in concentrations of 1, 2, and 3 per cent free 
chlorine. The pH of the solutions was about 12.7 Sodium hypochlorite was prepared 
by blowing free chlorine through a sodium hydroxide solution and then storing in 
dark brown bottles.d) 
Rat connective tissue from the abdominal wall was cut into pieces weighing 0.10 to 
0.13 gram and measuring approximately 3 by 6 by 8 mm. After transfer to petri dishes 
at maximum humidity, they were incubated at 360C for 2 days to produce necrotic 
tissue. Some of the pieces of necrotic tissue were fixed with parachlorophenol or 
formaldehyde, according to the following procedure. Tissues were placed in an organ 
culture dish^" containing a grid. In the well of each dish was placed 0.3 ml of 20 per 
cent parachlorophenol in 80 per cent ethanol or 25 per cent formalin in 80 per cent 
ethanol, and five pieces of necrotic tissue were situated on the grid above the 
disinfectants. 
The absorbent ring was saturated with water to maintain a humidified atmosphere in 
the dish. The dishes containing the fixed and unfixed tissue specimens were incubated 
at 360C for 7 days. Thereafter, each piece of the necrotic tissue was put into a plastic 
screw-cap tubec l with (1) 1, 2, огЗ percent sodium hvpochlorite solution in a volume 
of a 0.5, 1, 2.5, or 5 ml or (2) a combination of sodium hypochlorite and 3 per cent 
hydrogen peroxide (alternately or together). 
The tubes were incubated at 36°C and shaken and examined every 10 minutes to a 
maximum of 48 hours. In each experiment seven pieces of tissue were used for each 
concentration of the sodium hypochlorite solution, and each experiment was done in 
triplicate. The effects of the tissue-solvent action of sodium hypochlorite solutions are 
scored in percentages by comparison with the size of the control, on the basis of 
naked-eye estimation. 
RESULTS 
The tissue-solvent action of sodium hypochlorite solution on 2-day unfixed necrotic 
rat tissue is a function of the concentration. (Table I). 
As can be seen from Table I, only 40 per cent of the necrotic tissue was dissolved after 
30 minutes' exposure to the 1 per cent concentration. In this same period 80 per cent 
a) Prepared through the Department of Clinical Pharmacy 
b) 3010, Falcon Plastics, Los Angeles, Calif 
c) 2027, Falcon Plastics, Los Angeles, Calif 
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of the necrotic tissue was dissoKed bv a 2 percent concentration At a concentration ol 
3 per cent almost all of the necrotic tissue disappeared (Fig 1) 
The effect oí 2 and 3 per cent sodium hvpochlonte solution depends not onlv on the 
concentration but also on the ratio of the amount of tissue and the volume of the 
solution as shown in Tables II and III The greater the \o lumcs, IromO 5 to 5 0 ml, the 
greater the solubiliu 
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TABLE II. The effect of various volumes of2 per cent sodium hypochlorite solution on 2-day unfixed 
necrotic rat tissue expressed ач the percentage oftmue reinaimng 
Exposure time 
(minutes) 
10 
20 
30 
0 5 ml 
80 
70 
60 
Volume of 
1 0 ml 
80 
60 
50 
sodi lum h\pochlorite 
2 5 ml 
80 
50 
30 
5 0 ml 
70 
50 
20 
TABLE III: The effect of various volumes of 3 percent sodium hypochlorite solution on 2-day unfixed 
necrotic rat tissue expressed as the percentage of tissue remaining 
Exposure time 
(minutes) 
10 
20 
30 
0 5 ml 
80 
70 
60 
Volume of sodium 
1 0 ml 
80 
60 
50 
hypochlonte 
2 5 ml 
80 
50 
30 
5 0 ml 
60 
30 
5 
TABLE IV: The effect of 5 ml sodium hypochlorite solution on 9-day fixed and unfixed (physiologic 
saline) necrotic rat tissue, expressed as the percentage of tissue remaining 
Exposure t ime 
(minutes) 
10 
20 
30 
Physiologic 
saline solution 
1% 
80 
50 
40 
2% 
70 
40 
10 
396 
60 
20 
5 
Method of fixation 
1% 
90 
80 
50 
PCP 
2% 
80 
70 
50 
3% 
70 
60 
30 
1% 
90 
80 
60 
- - --
F 
296 
80 
70 
60 
396 
70 
60 
50 
PCP = 2096 parachlorophenol in 80 per cent ethanol 
F _ 25% formalin in 80 per cent ethanol 
TABLE V: The effect of a mixture of sodium hypochlorite and 3 percent hydrogen peroxide solution on 
unfixed necrotic rat tissue expressed as the percentage of tissue remaining 
Exposure 
time 
(minutes) 
10 
20 
30 
Sodium hypochlonte and 396 
Alternately 1 ml every m i n u t e (6x) 
Percentage of sodium 
2 5 
80 80 
80 60 
80 50 
ι hydrogen peroxn 
Together (2 5 ml 
hypochlonte 
2 
90 
90 
80 
de 
2 5 ml) 
5 
90 
90 
80 
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Little difference was seen in the first 10 minutes, but after 30 minutes the results were 
striking 
Fixed necrotic tissue was more difficult to dissolve with sodium hypochlorite 
solutions than unfixed tissue, as a higher concentration and longer contact were 
needed (Table IV) The tissue which had been in contact with parachlorophenol was 
slightly more soluble than that which had been exposed to formaldehyde 
A mixture of 2 per cent sodium hypochlorite and 3 per cent hydrogen peroxide 
solution (2 5 ml 2 5 ml) dissolved necrotic tissue slighdv Increasing the concentra-
tion of sodium hvpochlonte up to 5 per cent did not alter this result Sodium 
hypochlorite and 3 per cent hydrogen peroxide solution have a greater effect when the 
solutions are not mixed before addition of the necrotic tissue but are used alternately 
in 1 ml portions with an interval of 1 minute between each addition up to a total 
amount of 6 ml (Table V) 
With 10, 20, and 30 per cent hydrogen peroxide alone, no decrease in the amount of 
necrotic tissue was observed 
DISCUSSION 
Some authors ' 9 claimed that a maximal cleansing effect was achieved when sodium 
hvpochlonte and hvdrogen peroxide were used alternatelv as irrigating agents 
However, hydrogen peroxide irrigation has fallen in and out of favor Criticism is 
based on the supposition that liberated oxygen causes pam and irritation in periapical 
tissues ' The experiments described in this report were performed on abdominal wall 
tissue of the rat Although the circumstances of the experiment were not the same as 
would occur in the pulp canal, the use of this tissue has some advantages For 
example, (1) the duration of necrosis can be exactly timed, (2) the tissue-solvent action 
can be followed as a function of time, and (3) the experiments can begin with same 
quantity of tissue In the experiments, we followed the process until all necrotic tissue 
had disappeared, but in our tables we describe only the first 30 minutes, which is the 
duration of normal endodontic treatment Within 30 minutes a 1 per cent sodium 
hypochlorite solution dissolved less than half of the necrotic tissue, a 2 per cent 
solution dissolved 80 per cent, while with a 3 per cent solution almost all the necrotic 
tissue disappeared (Table I) The ratio between the amount of tissue (0 1 gram) and the 
volume of solution (5 ml or less) was based on an estimation of the relationship 
between pulp tissue and irrigating solution The quantities of sodium hypochlorite 
solution in relation to necrotic tissue appeared to be very important in determining 
the end result (Tables II and III), which is in agreement with the investigations of 
LAMERS,7 TREPAGNIER,10 and HAND11 and their co-authors Pretreatment with 
therapeutics containing parachlorophenol or formaldehyde, which are frequently 
used before reaming, decreased the solvent action of sodium hvpochlonte solution 
(Table IV) 
A combination of sodium hypochlorite with 3 per cent hydrogen peroxide solutions 
did not result in an increased solvent action The tissue bleached and swelled, but only 
a small percentage of necrotic tissue dissolved (Table V) There is no proof that the 
release of nascent oxygen of hydrogen peroxide can bubble out debris from the root 
canal A 30 per cent hydrogen peroxide solution can dissolve necrotic tissue in the 
ratio of 0 1 gram necrotic tissue and 5 ml 30 per cent hydrogen peroxide after only 24 
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hours. In this investigation it is proof that the solvent action of sodium hypochlorite 
will diminish if hydrogen peroxide is added to the solution, used alternately or 
together. 
Because of the observation that hydrogen peroxide interferes with the solvent action 
of sodium hypochlorite, their simultaneous use is not recommended. 
The results of this investigation indicate that, to produce an adequate solvent action 
on necrotic tissue, the optimum concentration of sodium hypochlorite is 3 per cent 
Although SPANGBERG and associates l 2 suggested that 0.5 to 1.0 percent solutions be 
used to minimize toxicity and maintain bacteriostatic efTects, it is acknowledged, that 
the solvent properties of sodium hypochlorite solutions are significantly diminished 
at these minimal concentrations. It is important to remember that in this investigation 
it is a favorable condition for the tissue-dissolving effect of sodium hypochlorite in 
comparison with the preclinical situation in the root canal. 
The optimal pH is 12, as was stated earlier.7 The pH and the percentage of free 
chlorine, which is the active and important component, were stable for more than 6 
months.d) Because of its greater stability, sodium hypochlorite prepared by blowing 
free chlorine through a sodium hydroxide solution is preferable to the solution 
prescribed by the Codex Medicamentorum Neerlandicus от household bleach. Other 
aspects of the use of sodium hypochlorite, such as its irritation effect и and clinical 
use, are currently being investigated. 
For clinical use, according to INGLE and BEVERIDGE,1 a5.25 per cent concentration of 
sodium hypochlorite solution is usually diluted with one or two parts of water to 
reduce the chlorine odor. BAKER and his colleagues 14 have presented some evidence 
that a 1 per cent solution of sodium hypochlorite may not be significandy better than a 
simple saline solution for irrigation; therefore, the solution should not be diluted to 
that level. 
SUMMARY 
This study was undertaken because no uniform concentration of sodium hypo­
chlorite solution for dissolving necrotic tissues is recommended in the literature. 
Two-day-old necrotic tissue from the abdominal wall of the rat, cut into 0.10 to 0.13 
gram pieces, were brought into contact with sodium hypochlorite solutions in 
concentrations varying from 1 to 5 per cent and volumes of 0.5, 1, 2.5, and 5 ml. A 
concentration of 3 per cent dissolved almost all necrotic tissue within 30 minutes. The 
solvent action also depended on the ratio between the amount of tissue and the 
quantity of the solution. Parachlorophenol- en formaldehyde-fixed tissues were more 
difficult to dissolve. The simultaneous use of sodium hvpochlorite and hydrogen 
peroxide interfered in the solvent action of the first-mentioned solution.e' 
d) Investigated bv the Clinical Pharmacy Department 
e) The authors wish to express their gratitude to Mrs J M.G. de Groot-America from the Clinical Pharmacy 
Department for preparing and testing the sodium hvpochlorite solutions used in this investigation. 
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2.3. 
Reactions of Guinea Pig 
Subcutaneous Connective Tissue following 
Exposure to Sodium Hypochlorite 
ABSTRACT 
Experiments aimed at determining which concentration of sodium hypochlorite 
should be used clinically to achieve optimal dissolving and bactericidal but 
nonirritating effect are reported. The results of m vwo experiments, with polyethylene 
tubes implanted in the backs of guinea pigs, show that there is no significant difference 
in inflammatory response between sodium hypochlorite solutions in the concentra-
tion range of 2 to 8 per cent, pH 12, and sterile physiologic saline. 
INTRODUCTION 
In endodontics, sodium hypochlorite is the most important irrigating solution 
employed for tissue debridement. The question of which concentration should be 
used clinically to achieve optimal dissolving and bactericidal effects without causing 
irritation has not yet been answered definitively. SCHILDER ' states that the concentra-
tion of sodium hypochlorite solution most frequendy recommended is 1 per cent. But 
with regard to dissolving action several investigators (e g BAKER and associates 2 and 
HAND and associates3) have shown that no apparent difference in effectiveness in 
removing root canal debris exists between saline solution and a 1 per cent sodium 
hypochlorite solution. Concentrations varying from 2 per cent to 5.25 per cent have 
been recommended (INGLE and BEVERIDGE '). At any given concentration, the 
amount of solution needed depends on the amount of necrotic tissue present. 
As far as the bactericidal effect is concerned, various authors (e.g. AUERBACH,' 
STEWART,1" SPANGBERG and associates,7 and SENIA and associates 8) have reported 
strong bactericidal properties of 5 per cent sodium hvpochlorite. With respect to 
tissue irritation it is known that periapical inflammation can be caused by sodium 
hypochlorite after penetration through the apical foramen or through lateral and 
accessorv canals. However, little is known about the optimal concentration of sodium 
hypochlorite. MORSE4 stated, on the basis of the results obtained by SPANGBERG10, 
that "recentín vitro findings have shown that 5.25 per cent sodium hypochlorite (the 
S.D T H E , ( С Μ Α Ι Τ Η Λ , and A J M Pi ASSCHAERT, Nijmegen, T h e Nether lands - Accepted for p u b h e a n o n 
in Oral Surgery, Oral Medicine, Oral Paihologv 
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usual clinical concentration) is more destructive to tissues than it is to microbes, 
whereas 0.5 per cent sodium hypochlorite dissolves necrotic tissue but not vital 
tissue". From these data it is clear that there is no evidence regarding the optimal 
concentration of sodium hypochlorite for clinical use. 
The aim of this study was to gain some insight into the degree and the reversibility of 
the inflammatory response in the periapical connective tissue following irrigation of 
the root canal with different concentrations and volumes of sodium hypochlorite. 
To eliminate as far as possible individual differences between teeth in the so-called 
usage test, a model system had to be developed. In this model system polyethylene 
tubes containing sodium hypochlorite are implanted in the backs of guinea pigs as 
described previously by THE and MALTHA." 
MATERIALS AND METHODS 
Polyethylene tubes with an inner diameter of 1 mm, and a length of 20 mm were each 
filled with a cotton pellet. The tubes were then sterilized with ethylene oxide gas. The 
tubes were not used within 24 hours after sterilization. 
Fio. 1. - Surgical implantation of polyethylene tubes containing test solutions into the back of guinea pig 
The tubes were closed at one end with sterile bone wax (Ethicon) (Fig. 1). Before 
implantation the cotton pellets in the tubes were dampened with 0.005 ml or 0.02 ml 
of one of the following solutions: 
A: sterile physiologic saline solution 
B: 0.9 per cent sodium hypochlorite/' pH 12.0 
C: 2.1 per cent sodium hypochlorite, pH 12.0 
D: 4.1 per cent sodium hypochlorite, pH 12.0 
E: 8.4 per cent sodium hypochlorite, pH 12.0 
F: formocresol^' (Buckley's formula). 
For each of the six solutions six replicates at each volume were set up by implanting 
four tubes per animal in eighteen female guinea pigs weighing about 300 gram each. 
The scheme for implantation of the tubes is given in Table I. 
a; Exprcsbed in pcrceiuagc free available chloride in the sodium hypochlorite solutions., as determined by 
the Department of Clinical Pharmacv 
bi Keur 8c Snelt]cs, Dental Mfg Co , Haailem, Holland 
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TABLE I: Schematic representation of the implantation of the tubes in the back of 18 guinea pigs 
(animais 1-18). 
Animals Experimental period Implant Scheme 
(days) 
1 & 7 
2 & 8 
3 & 9 
4 
5 
6 
10 & 16 
11 & 17 
12 & 18 
13 
14 
15 
7 
7 
7 
14 
14 
14 
14 
14 
14 
7 
7 
7 
С 
E 
A 
С 
E 
A 
С 
E 
A 
С 
E 
В 
D 
F 
В 
D 
F 
В 
D 
F 
В 
D 
I 
I 
II 
H 
III 
I 
I 
I 
II 
II 
II 
I 
I 
1 
II 
II 
II 
I 
I 
I 
II 
II 
ID 
F 
В 
D 
F 
В 
D 
F 
В 
D 
F 
A 
С 
E 
A 
С 
E 
A 
С 
E 
A 
1С 
F II Ι E II 
A to F, six solutions; I and II, volume of solution (0.005 ml and 0.02 ml, respectively). 
T h e animals were anesthesized with Nembutal 1 1 in a d o s e of0.75 ml/kgbodv weight. 
T h e backs of the animals were shaven and painted with iodine, and a sagittal incision 
of about 2 cm was made. The tubes were implanted u n d e r die skin of the backs of the 
guinea pigs as described previously (THE and MALTHA"), the open ends being 
contiguous with undamaged tissue. 
The animals were sacrified at 7 and 14 days after implantation and the tubes with 
surrounding tissues were dissected out (Fig.2). Longitudinal serial sections were 
prepared and stained with hematoxylin and eosin and examined for tissue reactions 
on at least six sections from each implant. 
The degree of inflammation around the open ends of the tubes was then scored by 
three independent investigators, using a classification ofO, 1, 2, a n d 3 , indicating " n o 
irritation" to "severe irritation and/or necrosis of the tissue" as described previous­
ly.1 ' 
From the six sections per specimen an average score of irritation was determined by 
the investigator. The scores of the three investigators were averaged for each implant. 
Although it is not known whether the unit scores, 0,1,2, and 3 on the scale were in fact 
equal, this was assumed, thereby giving the advantage of a m o r e powerful statistical 
analysis. 
The irritation classification scale scores were subjected to an analyses of variance. 
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FIG 2 - Polyethylene tubes ¡η situ 14 days after implantation surrounded by connective tissue 
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RESULTS 
T h e results of the analysis of variance, given in Table II, show significant effects for the 
factors " so lut ions" and " t i m e " . 
No significant difference was found in inflammatory response between the two 
volumes of solution. The significant difference in inflammatory response between the 
test solutions, as shown in Table III and Fig.5, is mainly due to the formocresol group. 
The average score in the formocresol group differed significantly from those in each of 
the groups of saline solution and NaOCl 0.9 per cent (Pf < 0.001) and from those in 
each of the other NaOCl groups (Pf < 0.01). Other comparisons between the six 
solutions after pooling the data for l ime were not found to be of significance at the 5 
per cent level, except NaOCl 0.9 per cent vs. NaOCl 2.1 per cent (Pf < 0.05). 
TABLE II: Analyus of variance of inflammation scores after testing six solutions at two volumes 
during experimental periods (time) of 7 and 14 days in guinea pigs 
Source of variation 
Treatments 
Solutions 
Volume 
T i m e 
Interactions 
Remainder 
Total 
Degrees : of freedom 
23 
5 
1 
1 
16 
46 
71 
Sum of squares 
25.84 
13.31 
0.10 
2.31 
10.12 
17.20 
43.04 
Mean square 
1.123e) 
2.662d> 
0.100 
2.310 e) 
0.632 
0.358 
с) 0 001 < Pf < 0.01; d) Pf < 0 001; c) 0.01 < p f < 0.05 
TABLE III: Averages and standard deviations of inflammation scores for six test solutions 
Experimental Saline NaOCl NaOCl NaOCl NaOCl Formocresol 
period (davs) solution 0.9 per cent 2 1 percent 4.1 percent 8.4 per cent 
7 1.7 ±0.7 1.1 ±0.8 1.6 ±0.3 1.7 ± 1.0 1.7 ± 0.5 2.7 ± 0.7 
14 0.9 ±0.3 1.0±04 1.6 ±0.6 1.4±0 5 1.4 ± 0 5 2.2 ± 0.6 
Examples of the histologic sections are given in Figs. 4 and 5 for, respectively, NaOCl 
score 1, NaOCl score 2, and formocresol score 3. The effect of the experimental 
period is shown by the means and standard deviations for the six test solutions as given 
in Table III. 
After 7 days severe inflammation was found in the formocresol group only, whereas 
moderate reactions were found at the open ends of the implants with saline solution 
and NaOCl, irrespective of concentration (Fig.6). 
After 14 days the inflammatory response in nearly all groups was reduced. However, 
severe reactions were still present at the open ends of the implants with formocresol. 
Only minor differences existed between the implants containing saline solution and 
NaOCl. 
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- S S . 
Fie 3 - Longiludinal section through the open end of/he lube containing 0 9 per cent sodium Inpochlonte solution implanted 
for I week (volume 0 02 ml/ Slicht irntation score I (Hematox\lin and eosin stain Magnification, x40 and xl Ю) 
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FIG 4 - 1 ongitudmal section through the open end of'the tube contamine; 8 4 per cent sodnm hypochlorite solution implanted 
for ¡ week (volume = 0 02 ml), 'icore 2 (Hematoxylin and eon η stam Waçnification x40 and χ! Ю) 
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^iíñ»^ 
i 
FIG 5 -longitudinal section through the oprn end of the tube containing formocrewi solution implanted for I weckdolume 
= 0 OOi ml) \'ote necrosisoftismeandinßammntortcelh'score i) (Нетаіохчіт andeosm slam damnification t40 and 
xl Ю) 
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inflammation score • 
3 0 
2 5 
2 0 
1 5 
10 
0 5 
0 0 
standard deviation 
II I 
PI 
É 
pi 
I Pi i 
ster phys NaOCI NaOCI NaOCI NaOCI formo-
sal sol (09°/«) ( г г / . ) (41 ·Λ) (84·/.) cresol 
FIG 6 — Аъетя? inflammation scores for the six solutions, pooled for the factors of time and volume 
DISCUSSION 
Sodium hypochlorite is the most important irrigating solution employed in endo­
dontics. However, in the literature no agreement exists regarding its optimal 
concentration for clinical use. 
For the assessment of the effectiveness of different concentrations one has to consider 
three different effects of sodium hypochlorite solutions. First sodium hypochlorite is 
effective in dissolving tissue. In this respect concentrations between 2 and 5.25 per 
cent are rccommanded by, forexample, INGLE and BEVERIDGE4, TREPAGNIEReí al '2 
and HAND et al1 
In the second place one has to consider the bactericidal effect. The results of 
AUERBACH5 , and STUART6 indicate that a solution of approximately 5 per cent 
sodium hypochlorite results in a reduction of the positive bacterial controls after 
endodontic treatment of more than 75 per cent. 
With respect to the third effect caused by sodium hypochlorite, ι e. tissue irritation, 
most of the experiments have been performed on in vitro cell cultures. The results of 
this type of studv have to be interpreted with some prudence, as has been shown by 
MjOR and associates." An animal experiment seems to be more appropriate in this 
respect Therefore our results may give some indication regarding the irritating effect 
of sodium hypochlorite when used in a clinical situation. 
Our results give no indication that any of the concentrations between 2 and 8 per cent 
might be the optimal concentration for clinical use. This leads to the conclusion that 
the optimal concentration will mainly be determined by the other two effects of 
sodium hypochlorite, г e , the tissue-dissolving action and the bactericidal effect. 
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The results of AUERBACH ' and STEWART6 give strong indications that a concentra-
tion of 5 per cent results in a marked reduction in the bacterial infection, while the 
results with respect to the tissue-solving action are less conclusive. Therefore one 
could conclude that a hypochlorite solution of about 5 per cent is an optimal 
concentration for clinical use. 
However, the irritating effect of an irrigating solution is not only dependent on its 
concentration but also on the means of application. In this respect our experimental 
design differs from the clinical situation in which an irrigating syringe is commonly 
used. Although this method is claimed to be effective and safe, several reports of 
severe injuries after using the syringe technique have been published.14"16 The risk of 
injury is increased even further when the recapitulation technique is used, i.e., use of 
an irrigating solution by means of a syringe after the use of almost every reamer or file. 
This technique has been shown to increase the frequency of extrusion of debris and 
irrigant beyond the apex. 
The experimental period of 7 days is probably too short to differentiate any reaction 
caused by the test solutions from that initiated by the operative procedure. However, 
as shown in an earlier study, the data obtained alter 14 davs are less influenced by the 
operative procedures (THE and MALTHA " ) . 
The effect of formocresol, serving as a positive control and giving significandy more 
inflammatory reactions, after both 7 and 14 days, supports the usefulness of our 
experimental model. 
Although the results of these tests are of more value than cell culture techniques, 
furthei clinical testing is necessary to obtain a definite answer. From a testing point of 
view the implantation techniques have, however, several practical and economical 
advantages, and as MJÖR and associates " pointed out, a correlation does exist 
between implantation tests and pulp reactions under other experimental conditions. 
From our results it is clear that there is no significant difference in the inflammatory 
response between sodium hypochlorite in the concentration range 2 to 8 per cent and 
physiologic saline solution. 
SUMMARY 
Polyethylene tubes were implanted in the backs of guinea pigs to test the inflammatory 
response to four solutions of sodium hypochlorite. The inflammatorv responses to 
the four solutions containing 0.9, 2.1, 4.1 and 8.4 percent sodium hvpochlorite were 
compared with the response produced by implantation of tubes containing physio-
logic saline solution (negative control) and formocresol (positive control). 
After an experimental period of 7 and 14 days, only the tubes containing formocresol 
produced severe inflammation. No significant differences were found in inflamma-
tory response between the sodium hypochlorite solutions and the saline solution. 
The result leads to the conclusion that the optimal concentration of the sodium 
hvpochlorite solution for clinical use is mainly determined by its bactericidal and 
tissue-dissolving action. 
f) The assistance of Mrs J M G de Groot-Amenca in analyzing the concentrations of test solutions is 
aknowledged 
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2.4. 
General Discussion and Conclusions 
In the previous two chapters an attempt was m a d e to test the dissolving and irritating 
properties of sodium hvpochlonte in various concentrations We could have tried to 
answer these questions using//; aim experiments on extracted h u m a n teeth, as has 
frequcmlv been done by other workers However, u n d e r these circumstances one has 
ю deal with a n u m b e r of variables which are difficult to control, e g the morphology 
of the variable root canal, especially in the apical third, the a m o u n t of necrotic tissue 
remaining, the state of necrosis, etc 
Another remark can be m a d e regarding the use of scanning electron microscopy 
(SLMi bv some investigators to detect necrotic tissue remaining in the root canal after 
cleaning 
In relation to the subject of investigation it was felt that with SEM techniques always 
some necrotic tissue will be found in the root canal This has been confirmed recently 
by G O L D M A N and coworkers (1979) and Rl'BiN rt al (1979) 
On the other hand the techniques used in the two previous chapters also have some 
specific disadvantages. It is not a good simulation of the clinical situation since the 
piece of necrotic tissue is whollv surrounded by the tissue solvent solution 
Furthermore in our in vilio, as well asm i'uo experiments, the test solutions of sodium 
hvpochlonte were applied onlv once without interchanging, which is different from 
the clinical procedute 
From the results described in chapter 2 2 the conclusion was reached that tissue 
which has been brought into contact with the vapour of formaldehyde or parachloro-
phenol, is more difficult to dissolve by sodium hypochlorite This finding has 
implications for the subsequent clinical use of these disinfecting agents and irngants. 
It can be speculated that the use of formaldehyde or parachlorophenol in the root 
canal means that the pulp tissue, reached bv the vapour of formaldehyde or 
parachlorophenol, will be less accessable for the sodium hypochlorite solution 
Therefore it is better to irrigate and ream the root canal in the first visit and use a 
disinfecting agent afterwards 
The results ol BAKI-RÍ/ÍZ/ (1975), showing no difference in solvent action between one 
per cent sodium hypochlorite and saline solution can possiblv be better explained in 
view of our findings in chapter 2 2 It has to be realised that their results are based on 
onlv two teeth per test solution The higher the concentration of sodium hypochlorite 
solution (up to a certain maximum), the better the solvent action ol this solution This 
statement is also supported by the studies ol TREPAGNIER et al (1977), and HANDrf 
al (1978) 
The alternate use of sodium hypochlorite and hydrogen peroxide seems not to result 
m an increased solvent action, as compared to the use of sodium hypochlorite alone 
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To go even further, it seems likelv that the solvent action of sodium hypochlorite will 
be reduced b\ us alternate use with hydrogen peroxide 
Another aspect of the alternate use of sodium hypochlorite and hydrogen peroxide 
has to be mentioned When sodium hypochlorite and hydrogen peroxide come in 
contact with each other, there is a very fast release of oxygen and a bleaching effect 
takes place 
SCHILDER (1976) stated that the liberated oxvgen in the clinical situation can 
theoretically cause periapical discomfort, especially in upper teeth Pain is one of the 
important clinical symptoms of the toxicity of agents used in endodontics Therefore 
HARRISON et al (1978) analysed the toxicity of the following irrigating solutions, used 
m clinical endodontics physiological saline solution and 5 25 per cent NaOCl alone, 
or in alternating use with 3 per cent hydrogen peroxide Almost 35 per cent of the 253 
patients complained of light to severe discomfort However, statistical analysis 
revealed no relationship between interappointment pain and the tvpe of irngant used 
The alternating use of hydrogen peroxide and sodium hvpochlorue did not lead to 
less or more pain complaints than when NaOCl was used alone 
With regard to the optimal concentration of sodium hypochlorite dealt with in 
chapters 2 2 and 2 3 , the following has to be added HAND and associates (1978) 
investigated, in vitro and under controlled conditions, the effect of dilution on the 
solvent action of sodium h)pochlome, 3 per cent H2O2, distilled water, and normal 
saline solution Necrotic tissue specimens were exposed to the various irrigating 
solutions and tissue weight changes were determined afterwards Statistical analysis of 
the data showed 5 25 per cent NaOCl to be significantly more effective as a necrotic 
tissue solvent than any of the other test solutions Dilution greatly decreased the 
necrotic tissue dissolution property of NaOCl There were no significant difierences 
in the dissolution properties between distilled water, normal saline solution, 3 per 
cent Η,Ο, and 0 5 per cent NaOCl These agents in the given concentrations were 
ineffective as necrotic tissue sohents 
No difference in effectneness was found between a 0 5 per cent and 1 0 per cent 
solution of NaOCl with necrotic tissue specimens when the percentage of tissue 
weight change was determined (HAND et al, 1978) However, with pieces of necrotic 
tissue LAMTRS et al (1972) found a difference between the concentrations mentioned 
above These data are in agreement with our findings in chapter 2 2 namely, dilution 
of the NaOCl-solution will greatly reduce the dissoKing properties A concentration 
ol 3 per cent still gives an adequate solvent action on necrotic tissue 
The folloyving general с onclusions can be drawn from our studies in combination with 
present days knowledge as it appears in the current literature 
1 The simple testing method of assessing by naked-eye estimation the dissolving 
properties of solutions on necrotic tissue, is useful for;r¡ ыіго screening of various 
concentrations of dissolving agents 
2 The use of formaldehyde or parachlorophenol containing agents in the pulp 
chamber, may reduce the dissolving action of sodium hypochlorite on pulp tissue 
3 Necrotic tissue will be dissolved more rapidly when higher concentrations of 
sodium hypochlorite are used 
4 The alternating use of sodium hvpochlonte and hydrogen peroxide or hydrogen 
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peroxide alone is less effective as a solvent of necrotic tissue in comparison with the 
use of NaOCL alone, within a short period of time. 
5. The irritating effect of 2 - 8 per cent sodium hypochlorite, pH 12, seems not to be 
any different to sterile physiological saline solution in our experimental animal 
model, with polyethylene tubes. 
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3. 
SUMMARY 
The use of intracanal drugs during root canal treatment has always played an 
important role in endodontics. 
In The Netherlands as well as most European countries "medicaments" such as 
camphorated parachlorophcnol ¡CHKM) and formocresol are used for disinfection 
and tissue fixation of the root canal content. The procedure of introducing a 
disinfectant into the pulp chamber during endodontic treatment has also been 
routinely taught to dental students. However, the effectiveness of these disinfecting 
agents in the way they are being used, is controversial. In order to evaluate the 
effectiveness of this procedure, a clinical survey was planned on the bactericidal action 
of formaldehyde containing therapeutics, before reaming the root canals. 
In chapter 1.2. the results of this survey are presented. It was found that the 
introduction of a disinfecting agent into the pulp chamber during the initial phase of 
endodontic treatment has no significant effect on the incidence of positive cultures 
taken from the closed necrotic pulp. A small but significant reduction of about 20 per 
cent in positive cultures was found for vital pulps. Another drawback of applying these 
disinfecting agents in direct contact with pulp tissue is the fact that this tissue is 
subsequently less soluble to dissolving agents such as sodium hypochlorite. 
In order to ascertain the optimal concentrations of disinfecting agents, an experiment 
was planned to test the 'long-distance' bactericidal and fungicidal effectiveness of 
several concentrations of parachlorophcnol, 25 per cent formalin, and 2 per cent 
glutaraldehyde, all in a 80 per cent solution of ethanol (chapter 1.З.). The agents have 
been tested in an in vitro system, using Maxted glass tubes, containing cultures of 
Streptoeoccus fnecahs and Candida albicans. A concentration of at least 10 per cent 
parachlorophenol in 80 per cent ethanol was found to have the same long-distance 
bactericidal and fungicidal effectiveness as 25 per cent formalin in 80 per cent ethanol. 
Not only the bactericidal effect but also the cytotoxicity is important in using these 
agents. Again the Maxted tube system was used to test the cytotoxicity of various 
concentrations of parachlorophenol and formalin. The results of these screening tests 
are presented in chapter 1.4. Instead of bringing the cells into direct contact with the 
drug, we made use of the long-distance effect of the drug, thus simulating the in vivo 
situation of the drug placed in the pulp chamber rather than in the root canal. From 
this study and under the conditions used, it appeared that 25 per cent formalin in 80 
per cent ethanol is less toxic than 10 percent parachlorophenol in 80 per cent ethanol. 
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Since in vitro tesis as described in chapters 1.3. and 1.4. are of limited value for the 
clinical in vwo situation, it was decided to use an in vivo model system for testing the 
irritating properties of some disinfecting agents. Polyethylene tubes 20 mm long with 
an internal diameter of 1 mm have been used as carriers for the medicaments to be 
tested. The tubes were implanted subcutaneously in the backs of guinea pigs. At the 
end of the experimental period the surrounding tissue was evaluated histologically for 
the reactions of inflammation. 
In chapter 1.5. this in vivo system has been used to test the long-distance action of 
parachlorophenol and formalin in polyethylene tubes implanted in guinea pigs. 
Histological evaluation of the irritating effects was made at 3, 10 and 90 days. No 
significant difference could be observed between the reaction of the experimental and 
the control animals to any of the tubes over the various experimental periods. 
Although disinfecting agents can be used to act indirectly by their vapour, the direct 
action will remain important in those cases where lateral canals are present. Therefore 
in chapter 1.6. an experiment is described where the irritating properties of four 
disinfecting agents have been tested, either in direct contact with, or at a distance from 
subcutaneous tissue. The same model has been used as described in chapter 1.5: 
polyethylene tubes implanted subcutaneously in the back of guinea pigs. CHKM and 
formocresol were used as positive controls. In this study a solution of 20 per cent 
parachlorophenol in 80 per cent ethanol was used since a 10 per cent solution was 
found in clinical use not to give negative bacterial cultures from positive pretreatment 
cultures. 
After ten days, histological evaluation showed that CHKM, formocresol and 25 per 
cent formalin in 80 per cent ethanol were significantly more irritant to the tissues 
compared to (he controls. A solution containing 20 per cent parachlorophenol in 80 
per cent ethanol was found not to cause significantly more irritation than the control 
treatment. 
In chapter 1.7. the findings of the preceding chapters are discussed in the light of 
present day knowledge as derived from the current literature. 
The following conclusions were drawn: 
1. The Maxted tube technique is useful as an experimental m vitro model for screening 
agents to be used in endodontics for their bactericidal effect. 
2. The animal model consisting of polyethylene tubes implanted subcutaneously in 
guinea pigs, is suitable for further research in endodontic drugs, but has to be 
developed further. 
3. One application of a disinfecting agent will not render the root canal sterile. 
4. Of the disinfectants tested, a parachlorophenol solution of 20 per cent in 80 per 
cent ethanol proved to be a good disinfectant which is least irritating in its effect 
both at long-distance and in direct contact. 
The second part of this thesis deals with the use of sodium hypochlorite as a dissolving 
agent in endodontics. 
In chapter 2.1. the literature on the use of sodium hypochlorite in endodontics is 
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reviewed. From this review it was concluded that the question of whether fixed 
necrotic tissue will be as easily dissolved by sodium hypochlorite as unfixed necrotic 
tissue remains unanswered. 
In chapter 2.2. a simple method is used to test the dissolving capacities of various 
concentrations of sodium hypochlorite. Fixed and unfixed pieces of rat connective 
dssue were immersed in sodium hypochlorite solutions. After incubation at 36°С the 
specimens were examined every 10 minutes up to a total of 48 hours. The effects of the 
tissue solvent action were scored as percentages by comparison with the size of the 
control on the basis of naked-eye estimation. 
A concentration of 3 per cent dissolved almost all necrotic tissue within 30 minutes. 
The solvent action also depended on the ratio between the amount of tissue and the 
quantity of the solution. Parachlorophenol- and formaldehyde-fixed tissues were 
more difficult to dissolve. The simultaneous use of sodium hypochlorite and 
hydrogen peroxide interfered in the solvent action of the first mentioned solution. 
Apart from the dissolving properties the irritating effect of various concentrations of 
sodium hypochlorite has also not been fully determined. Therefore the inflammatory 
response to sodium hypochlorite solutions in the concentration of 2 to 8 per cent was 
tested and compared to sterile physiological saline. Again the in vivo model was used 
by implanting polyethylene tubes, containing the agents to be tested, in the backs of 
guinea pigs. No significant difference in inflammatory response was found between 
the various concentrations of sodium hypochlorite compared to the saline solution. 
In chapter 2.4. our findings are discussed in the light of present day knowledge as 
presented in the current literature. 
The following conclusions were drawn: 
1. The simple testing method of assessing, by naked-eye estimation, the dissolving 
properties of solutions on necrotic tissue, is useful form vitro screening of various 
concentrations of dissolving agents. 
2. The use of formaldehyde or parachlorophenol containing agents in the pulp 
chamber, may reduce the dissolving action of sodium hypochlorite on pulp tissue. 
3. Necrotic tissue will be dissolved more rapidly when higher concentrations of 
sodium hypochlorite are used. 
4. The alternating use of sodium hypochlorite and hydrogen peroxide or hydrogen 
peroxide alone is less effective as a solvent for necrotic tissue in comparison with 
the use of NaOCL alone, within a short period of time. 
5. The irritating effect of 2 - 8 per cent sodium hypochlorite, pH 12, seems not to be 
different to that of sterile physiological saline solution in our experimental animal 
model, widi polyethylene tubes. 
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4. 
SAMENVATTING 
Het gebruik van wortelkanaal-desinfeuantia ii]flens de endodoniische behandeling 
heeft altijd een belangrijk onderdeel gevormd van deze behandeling. In Nedei land en 
in de meeste Europese landen werden medicamenten zoals chloorfenol kamfer 
menthol (CHKM) en fonnocresol gebruikt om de inhoud van het wortelkanaal te 
desinfecteren en te fixeren De methode om een desinfectans in het wortelkanaal in te 
sluiten werd ook in het onderwijs aan studenten gedoceerd 
Er beslaan verschillende meningen over het effect van de desinfectantia zoals deze 
worden toegepast O m het effect van deze handelwijze te evalueren, werd een klinisch 
onderzoek uitgevoerd naar de bactericide werking \ a n lormaldehvde-bevattende 
middelen, voordat het wortelkanaal wordt geruimd 
In hoofdstuk 1 2 zijn de resultaten van deze klinische studie vermeld Het inbrengen 
van een desinfectans in de pulpakamer tijdens de eerste zitting van een endodoniische 
behandeling blijkt geen significant elfect te hebben op het aanial positieve kweken dat 
van de gesloten necrotische pulpa wordt genomen Een geringe maar significante 
reductie van ongeveer 20 procent werd verkregen in het aantal positieve kweken bij 
vitale pulpae ben bezwaar van het toepassen van deze desinfectantia m direct contact 
met pulpaweefsel is het feit dat dergelijk weefsel na fixatie minder oplosbaar is voor 
agentia zoals natnum-hvpochloriet 
Met het oog op het vaststellen van de meest optimale concentratie van desinfectantia 
werd een experiment uitgevoerd In du experiment werden de 'long-disiance' 
bactericide en fungicide eigenschappen getest van diverse concentraties van para-
chloorlenol, 25 piocent formaline en van 2 procent glutaardialdehvde, alle m een 80 
procent oplossing van ethanol ^hoofdstuk 1 3 ) De agentia werden m een ai u/io-
svsteem getest, door gebruik te maken van zogenaamde Maxtcd buisjes, die 
bacteriekweken bevatten van SlKploaxuri (auahs en Candida aíbicans Een concentratie 
van 10 procent parachlooi fenol in 80 procent ethanol oplossing blijkt een gelijk cileci 
in bactericide en iungic ide werking te hebben als 25 procent formaline in 80 procent 
ethanol 
Niet alleen het bactericide effect maar ook de mate van cytotoxiciieit is van belang bij 
gebruik van diverse desmlectanna Wedeiom werd gebruik gemaakt van het m ι ilro-
s\stecin met glazen Maxtcd buisjes om de cvtotoxiciteit te testen van diverse 
concentraties parachloorfenol en formaline De resultaten van deze screenmg-tests 
zijn in hoofdstuk 1 4 beschreven 
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In plaats van het in direct contact brengen van het medicament met weefsekellen, 
werd het eflect op afstand onderzocht Hiermee werd beoogd de tn іоо-чііилие te 
simuleren, waarbij het medicament eerdei in de pulpakamei dan in het eigenlijke 
wortelkanaal wordt aangebracht Uu du onderzoek bleek dat onder de gegeven 
omstandigheden 25 procent formaline in 80 procent ethanol minder toxisc h is dan 10 
procent parac hloorfenol in 80 procent ethanol 
Aangezien de resultaten van de ÍN ι ilm tests, /oals beschreven in de hoofdstukken 1 3 
en 1 4 in zeer beperkte mate overdraagbaar zijn naar de klinische;« иг o situatie, werd 
besloten een in i,/;o-models\steem te gebruiken vooi onderzoek van de irriterende 
eigenschappen \an enkele desmfcctaniia, Poljcthvlcen buisjes met een lengte van 20 
m m en een diameter van 1 m m werden gebruikt als dragers voor de te lesten 
medicamenten De buisjes werden subcutaan geïmplanteerd m de rug van cavia's 
Aan het einde van de experimentele periode werd het omgevende weefsel histolo-
gisch beoordeeld op ontsiekmgsreacties 
In hoofdstuk 1 5 wordt beschreven hoe dit in ino sysieem gebruikt werd om de 
afstandwerking van parachloorfenol en formaline te testen door middel van implanta-
tie van polvethvleen buisjes in cavia's Histologische evaluatie van het weefsel vond 
plaats na 3, 10 en 90 dagen Len statistisch significant verschil kon met worden 
vastgesteld tussen de weefselreacnes van test en comrôledieren 
Alhoewel desinfectantia een indirecte werking kunnen uitoefenen door gasvorming, 
7з1 het directe effect van belang blijven in die gevallen waar laterale kanaaltjes 
aanwezig zijn In hoofdstuk 1 6 wordt een experiment beschreven, waarin de 
irriterende werking van vier desinfectantia werd onderzocht, zowel in direct contact 
met subcutaan weefsel als op afstand daarvan Hetzelfde experimentele model werd 
gehanteerd dat in hoofdstuk 1 5 is beschreven polyethyleen buisjes subcutaan 
geïmplanteerd in de rug van cavia's CHKM en formocresol werden gebruikt als 
positieve controle In dit onderzoek werd een oplossing van 20 procent parachloor-
fenol in 80 procent ethanol gebruikt, aangezien van een lO-procent-oplossing bij 
klinisch gebruik gebleken was, dat geen negatieve bactenekweken werden verkregen 
bij positieve initiaalkweken 
Uit histologische evaluatie bleek dat na tien dagen CHKM, formocresol en 25 procent 
formaline in 60 procent ethanol een significant grotere irriterende werking op de 
weefsels hebben dan de contrôlebehandelmg Gebruik van een oplossing van 20 
procent parachloorfenol in 80 procent ethanol gaf geen grotere irriterende werking 
dan de contrôlebehandelmg 
In hoofdstuk 1 7 worden de resultaten, beschreven in de voorafgaande hoofdstuk-
ken, besproken in het licht van actuele kennis en inzichten ontleend aan de literatuur 
Op grond hiervan worden de volgende conclusies getrokken 
1 De Maxted-buis-techniek is bruikbaar als een m wíro-expenmenteermodel in de 
endodont ic voor screening van agentia op hun bactericide werking 
2 Het beschreven diermodel, namelijk polvethvleen buisjes subcutaan geïmplan-
teerd in de rug van cavia's, is geschikt voor verder onderzoek naar agentia gebruikt 
in de endodontic, maar dient verder verbeterd te worden 
3 Eenmalig desinfecteren van het wortelkanaal zal het kanaal niet steriel maken 
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4. Van de onderzochte desinfectantia blijkt 20 procent parachloorfenol-oplossing in 
80 procent ethanol een goed desinfectans te zijn met de minst irriterende werking, 
zowel in direct weefselcontact als op afstand. 
In het tweede deel van dit proefschrift wordt ingegaan op het weefseloplossend 
vermogen van natriumhypochloriet bij gebruik in de endodontic. Uit de literatuur 
kon de vraag niet beantwoord worden, of gefixeerd necrotisch weefsel even 
gemakkelijk opgelost wordt door natriumhypochloriet als niet-gefixeerd necrotisch 
weefsel. 
In hoofdstuk 2.2. wordt een eenvoudige methode beschreven om de weefseloplos-
sende eigenschappen van diverse concentraties natriumhypochloriet te onderzoeken. 
Gefixeerde en niet-gefixeerde weefselstukjes van bindweefsel van de rat worden in een 
natriumhypochlorietoplossing gelegd. Na incubatie bij 36°С worden de weefselstuk­
jes iedere tien minuten beoordeeld, maximaal gedurende 48 uur. Het weefseloplos­
send vermogen werd vastgesteld door met "het blote oog" het percentage te schatten 
dat het weefselstukje in vergelijking tot de grootte van de contrôlestukjes is geslonken. 
Bij een concentratie van 3 procent werd door natriumhypochloriet binnen 30 
minuten nagenoeg al het necrotisch weefsel opgelost. Het oplossend vermogen is 
tevens afhankelijk van de verhouding tussen hoeveelheid weefsel en hoeveelheid 
natriumhypochloriet. Weefsel dat met behulp van parachloorfenol of formaldehyde 
werd gefixeerd, is moeilijker oplosbaar. Gelijktijdig gebruik van natriumhypochloriet 
en waterstofperoxide interfereert met het weefseloplossend vermogen van eerstge-
noemde oplossing. 
Naast de weefseloplossende eigenschappen bestaat er gebrek aan inzicht over de 
weefselirriterende eigenschappen van natriumhypochloriet in diverse concentraties. 
Daarom werd de ontstekingsreactie onderzocht voor natriumhypochloriet-oplossin-
gen van 2 - 8 procent in vergelijking tot een steriele fysiologische zoutoplossing. 
Wederom werd gebruik gemaakt van het in iroo-model, door de te testen agentia in 
polyethyleen buisjes te implanteren in cavia's. Geen significante verschillen in 
ontstekingsreactie werden gevonden tussen de verschillende concentraties van 
natriumhypochloriet in vergelijking met de zoutoplossing. 
In hoofdstuk 2.4. worden de resultaten besproken in het licht van de huidige kennis, 
verkregen uit literatuurstudie. 
Op grond daarvan werden de volgende conclusies getrokken: 
1. De eenvoudige testmethode door met het oog de weefseloplossende eigenschap-
pen van agentia op necrotisch weefsel te bepalen, is bruikbaar voor in vitro-
screening van diverse concentraties van oplossende agentia. 
2. Het aanbrengen in de pulpakamer van agentia die formaldehyde of parachloor-
fenol bevatten, kan het weefseloplossend vermogen van natriumhypochloriet op 
pulpaweefsel reduceren. 
3. Necrotisch weefsel zal sneller worden opgelost, wanneer hogere concentraties 
natriumhypochloriet worden gebruikt. 
4. Het alternerende gebruik van natriumhypochloriet en waterstofperoxide, of 
waterstofperoxide alleen is minder effectief als oplosmiddel voor necrotisch 
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weefsel, in vergelijking met het gebruik van NaOCL alleen, binnen een korte 
tijdpenode 
5 Het irriterende effect van 2 - 8 procent natnumhvpochloriet, pH 12, lijkt niet te 
verschillen van het effect van een steriele fysiologische zoutoplossmg in ons 
diermodel, met polvethvleen buisjes 
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Stellingen 
1 De a a n n a m e dat door middel \an een applicatie van een paraformaldelnde 
bevattend agens, aangebracht m de pulpakamer, een volledige fixatie van het 
pulpaweefsel veilucgen kan woiden, moet op /i)ii minst tei discussie gesteld 
worden 
'2 Het a l te inetcnd imgeren van het vvortelkanaal met natnumhvpochloriet en 
vvaterstolpemwde m het kader van een endodontischc behandeling doet afbreuk 
aan he! weelsel-oplossend ν ei mogen van natruimhv pothloiiet en is derhalve met 
aan te bevelen 
S Wanneer ter desinlectie van het vumelkanaal gebiuik gemaakt vvoidt van een 
desinfectans, dient vamnt liet oogpunt van minimale vveefselinnatie de vooikeui 
gegeven te wolden aan ¿O'^ parachloorfenol m 80% ethanol, boven 35"о 
pai ас lilooi fenol m kamfei menthol CHKM 
4 Na het in igei en van het koionale deel van het v\oitelkanaal met natnumhvpo-
chlonet en het t inmen van het apicale gedeelte li]ki het insluiten van een 
desinfectans m de pulpakamei een ovcibodige handeling te /i]ii 
5 l iet verdient aanbeveling de uitspiaak van C O H U R G H 'De |uiste combinatie, 
\vi]/e en aantal dei applicaties is belangii]ker dan /waar geschut te gebruiken met 
gee one enti eerd chemische middelen' tei h a u e te nemen wanneer liet gaat om de 
wei king van desmfectanna m hel vvortelkanaal 
Coi κι КС.и, P J J , ΙΉΟ Handleiding ν ooi ch Conseiveundc Tandlieelkundt, 
1)1/ 141 
6 Het verdient aanbeveling bij het overwegen van penapicale chnurgie als therapie 
voor penapicale klachten, de volgende uitspraak van Rui) en A\DRFASFN m 
hermnermg te roepen 'Periapical Surgen in itself is no cure for periapical 
inflammation' 
Rt'D, J & A M ) R I \ S I \ J O Int J Oidi Surg 1 ¿97-310 1972 
7. Wanneer de ziekenfondsiarieven voor endodontische behandel ing vergeleken 
worden met die voor restauratieve behandelingen, dan mag niet verwacht worden 
dat van de tariefstelling een stimulerende invloed uitgaat tot het doen van 
optimale endodontische behandelingen. 
8. O m aan het criterium 'waarheidsgetrouw' te kunnen voldoen, verdient het 
aanbeveling de studiegids van een tandheelkundig curriculum na afloop van het 
studiejaar te laten verschijnen. 
9. Bij het voltooien en verdedigen van een proefschrift kan het volgende Chinese 
spreekwoord goede diensten bewijzen: 
Wat dorst gij naar goud en schatten? 
Wat smacht gij naar schone vrouwen? 
Welk einde zit er tenslotte voor allen op? 
Een bosje gras op lemen heuveltop. 
Roem en eer, vergeefs hongert gij ernaar. 
Ontvlucht de wereld en wordt kluizenaar. 
10. Wanneer met het schrijven van de laatste stelling tevens de laatste hand gelegd is 
aan het proefschrift, dan is daar de volgende uitspraak van T H O M A S A KEMPIS op 
zijn plaats: "Alles komt van U en daarom moet Gij in alles geprezen worden". 
THOMAS A KKMPIS: De navolging van Christus, hoofdstuk 22, blz.l 16 
Stellingen behorende bij het Proefschrift van S D The 
"Disinfection and irrigation of the dental root canal". 
Some investigation into the properties o( parachlorofenol, formalin and sodium hvpochlorite. 
Ni|inegi'ii, 18 juni 1980. 


